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Graph Shows Long Term Stability To Be Better Than +1.5 Parts Per Million 


The Johns Hopkins University Precision X-Ray Laboratory @ The Model N-40! is a new concept in regulated power 
recently tested the stability of a Model N-401 Regulated High supply design — it provides up to 5 MA of current and 
Voltage Power Supply for a period of 15 hours. The voltage was 
constant within + 1.5 part per million as shown by the graph. 
The power supply was in use approximately 2000 hours and Unmatched stability oageinst line change; less than 
0.003% per volt — Regulation, 0.0025% per MA @ 1000 
volts — Output impedance, 2.5 ohms 


negative or positive DC voltage — continuously voriable 
from 500 to 1800 volts 


tested in an ambient temperature of 24.00° +0.05° centigrade 





Low noise and ripple; less than 1 MV RMS 
Engineering Department expanding. Designed for use with scintillation and proportional 


Positions open for experienced men. counters or for general laboratory use — anywhere the 
uitimate in stability is required at a reasonable price 
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Using Burnable Poisons, p. 94; Pu Fast Reactor Performance, p. 96; 
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United States Fuel Development, p. 98; France Plans Fuel Modifica- 
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Gives Fuel Experience, p. 102 
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Papers, Papers, Papers 


As the photograph below, and indeed 
all of this issue, testifies, it takes a lot 
of papers to make a Geneva Confer- 
ence. For Geneva-1958 there 
more than 2,400 finally accepted. The 
editors of NUCLEONICs had to scan each 


were 


PRETTY GIRL stands alongside stack of over 
2,400 Geneva Conference papers studied 
for this special issue. Proceedings of the 
1955 Conference are on desk at right. 
(Pretty girl is Dorothy Pappachristou, secre- 
tary to Chief Editor Jerry Luntz) 


of these papers, at least by title, to 
come up with the set of 228 particularly 
important papers reported on in this 
On one hand, it was a heck of a 


ssue 
chore and we were glad when it was 
over. On the other hand, it was very 
stimulating—the whole world of nu- 
clear technology paraded before us in a 
kind of sneak preview of the Conference 
which, as this was being written (Aug. 
18), had not yet taken place. 

You see, our work began in mid-July, 
United Nations made the 


first of the Geneva papers available to 


when the 


us, embargoed for release during the 
under an arrangement 
available to the technical press gener- 
There followed the editorial work 
of digesting the papers that seemed sig- 


Conference 
ally 
nificant enough to report on in the 62 
pages that could be made available by 
giving the entire September issue over 
to Geneva 

Some of the papers, the Russian 
papers in particular, were late in com- 
ing in, so we were still writing pieces of 
as late as August 25. The 
mop-up was left to the three-man team 

Chief Editor Jerry Luntz, News 
Editor John Kenton and Associate 
Editor Hoby Ellis—that flew to Geneva 
for on-the-scene reporting. 

All 12 pages of the Roundup section 
this month are devoted to that on-the- 


the story 


report, cabled from Geneva as 


scene 
late as September 11. Fast work all 
along the line and closing the form at 
the printer made it possible to include 
that up-to-the-minute account of the 
Conference itself and its personalities 


color and significance. 

Cover. ‘‘What about the cover?” 
you may ask. ‘That's from Geneva- 
1955, isn’t it?” Factis, itis not. We 
arranged to have a photograph of the 
opening session taken on September Ist 

the opening day of the Conference— 
and air-expressed to New York. Quick 
work at the engravers enabled it to be 
fit into a specially designed cover plate 
and made ready for press within 48 
hours 

All in all it has been great fun for us. 
We hope it proves valuable reading 
for you. There is a tremendous store 
of nuclear knowledge in the Geneva 
papers and we hope that in some small 
measure we have succeeded in reflecting 
issue. Inevitably, 


it in the present 


however, particular specialized work 
has had to be bypassed. For this we 
trust that the readers will turn to the 
definitive Proceedings of the Confer- 
ence to be published early next year. 
Appreciation. 
on Geneva-1958 would not have been 


This special report 


possible without the assistance of many 
people in atomic energy organizations 
here and abroad (who supplied originals 
of photographs when required), the 
MeGraw-Hill correspondents in Lon- 
don and Paris (who helped expedite 
much valuable material), and, above 
all, the staff of the United Nations 
and its Geneva Conference Secretariat 
Conference Secretary- 
Eklund on down, 
Our thanks 


who, Irom 


General Sigvard 
helped in many ways) 
to them all 


The Editors 
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Assembling a test core for the Nuclear Merchant Ship Reactor project, preparatory to con- 
ducting critical experiments at B&W’'s Critical Experiment Laboratory, Lynchburg, Virginia. 


BeaW PROGRESS REPORT: 
N.S. SAVANNAH — Critical Experiments Underway 


The reactor core for the world’s first nuclear merchant 
ship, the N.S. Savannah, is now undergoing final 
design at Babcock & Wilcox. A test core went critical 
on February 6, 1958. Experiments are now being run 
to verify core design calculations of such factors as 
flux distribution, reactivity and optimum fuel 
arrangement. 

One of B&W’s primary objectives is to achieve the 
longest core life possible with present technology. 
Present estimates are that a single loading of nuclear 
fuel will allow the Savannah to steam for 350,000 
nautical miles—about 34% years—based on a lifetime 
of 600 full power days. 

The core design embodies a number of superior 
features applicable to marine propulsion. For ex- 
ample, fuel elements will contain slightly enriched 
uranium oxide, which is less subject to distortion 
under irradiation than is metallic fuel. Since the oxide 
is almost completely inert to water, hazards due to 
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chemical actions between water and fuel, in the event 
of fuel element rupture, are reduced. Another sig- 
nificant feature is that the U-238 contained in this 
fuel will be converted to plutonium, another fission- 
able fuel, which will supplement the initial U-235. 
Concurrent with this series of critical experiments, 
the reactor vessel, heat exchangers, and pressurizer 
for the Savannah are being fabricated in B&W’s 
heavy-component facilities. 

The Babcock & Wilcox Company, Atomic Energy 
Division, 161 East 42nd Street, New York 17, N. Y. 
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Produces in excess of 

6 x 10” Neutron/sec from 
reaction °H(d,n)*He. Pulse 
W7elalels)(-M ice My el0Millagel tet 
to 1 millisec. at 60 cps, 
but can be synchronized 
rol me Zeldleleli-Maeli-Micelimmels 
oa -lale| Metal lo liel@m Ue -teleh4] 
in use by many research 
relate Ma -lelafel@mel-S2-1e) e]uil a 
laboratories. Send for 

IITs igehi-te Ml elgelaal tia 


3 to 4 months delivery. 


i= 


ATOMIC 
LABORATORIES 


3086 CLAREMONT AVENUE 


BERKELEY 5, CALIFORNIA 


September" 1958 - NUCLEONICS 








New Jeam... 


TITANIUM AND ZIRCONIUM 


for your corrosion problem areas 


Chart shows corrosionp 
resistances of zirconium 
and titanium to typical 
chemicals. 
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q Steam jet made of zirconium, which 
has given trouble-free performance after 
a year in hydrochloric acid service. For 
comparison, a throat piece from a steam 
jet (below) is shown after only a week 
of similar service 


By specifying titanium or zirconium for processing equipment, you can now 
overcome most of the corrosive media which attack other metals. 

Even with such hard-to-handle chemicals as chlorides and oxidizing acids, 
equipment can have extremely long service life when made from these 
corrosion-resistant materials. Problems of product contamination in chemical 
and food processing can also be virtually eliminated. 

Mallory-Sharon is in position to offer you doth titanium and zirconium mill 
products for equipment fabrication—plus engineering assistance and 
unbiased recommendations on the most suitable material. 

Titanium is now available from stock in a complete range of mill products, 
may be readily fabricated, and more than pays its extra cost where ordinary 
metals fail. Zirconium facilities are being rapidly increased, and mill 

shapes are now in production. 

For information on the corrosion-resistant properties of titanium or 
zirconium write Mallory-Sharon Metals Corporation, Niles, Ohio. 


MALLORY Ms SHARON 


MALLORY-SHARON METALS CORPORATION - NILES, OHIO 


Integrated producer of Titanium ¢ Zirconium © Special Metals 





How nickel alloy equipment resists 


Fluoride Volatility Process 


To prevent attack by the coolant me- (Zr-U FUEL ELEMENTS) 


dium on fuel materials and to pre- 
vent escape of fission products, fuel 
elements are often clad with zirco- 

nium. To recover the uranium from (ANHYDROUS 
spent fuel elements of this type, a HF ) 
pilot plant has been built at Oak 
Ridge National Laboratory, utiliz- 
ing the following process: 


Dissolution of the elements with 
anhydrous hydrogen fluoride in a 
sodium fluoride-zirconium tetrafiuo- 
ride melt at 650°C : 
4HF + Zr-p ZrF, + 2H, A (1) 
NaF-ZrF, 
650°C 
> UF, + 2H. A (2) 
Formation and volatilization of ura- weeeene 
nium hexafluoride from molten salt 4 
by contact with excess fluorine at - 
' 
1 


(H2+ HF) 


Whe caw eee = 





a a ee ee 
© 


600°C : NaF-ZrF, 
600°C 
UF, + F, ----> UF, A (3) 


nies HYDRO- 
Further purification of the uranium 
hexafluoride by absorption on so- FLUORINATION FUSED SALT 


dium fluoride at 100°C , followed by FLUORINATION 
desorption at 100° to 400°C with 600- 650°C 

fluorine. 
Collection of decontaminated ura- , 
nium hexafluoride in cold traps. WASTE NaF-2ZrF¢ 


: @eeeeeseeBeoeeeeeeeeeeeeeeeeeeeeeeeeee eee ee eee 
Equipment 
UNCLASSIFIED 
at ORNL-LR-OWG 19067 


Na F-ZrF4-UF4 


-*-4 


to oe oe oe oe ee 








The high-nickel alloys used in the ET VPE SAMPLER 
process equipment were selected be- 
cause they provide a combination of 
corrosion resistance, heat conductiv- 
ity, high-temperature strength and 


good electrical characteristics. heoorg ORAFT TUBE 4 
' ' CONTAC TOR~faN 


: HYDROFLUORINATOR ! 
(BEING DESIGNED) 








with Inconel* nickel-chromium alloy 
Materials Evaluation aner 
, @eeeeeceoee eee eeeeeeees eeeeeeceoeaeoeoeeeeee eee 


P . ae inconei alloy liner excellent. Low-Car- 
Oak Ridge reports after one yeal bon Nickel shows corrosion, but is 


experimental operation .. . best material presently available. 





New 24-page booklet “Handling Fluorine and Fluorine Com- 
~ pounds with Inco Nickel Alloys” summarizes recent corrosion 
faut data, gives case histories on methods of handling. Write: 

6 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


A 
N69, “Registered trademark 
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corrosion in uranium recovery process 
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Secondary Cold 

a oct ea ne Trap — Mone!l* 
Primary Cold Trap — one end packed with nickel-copper al- Fluorine Disposal Spray 
Nickel wire mesh filter cartridges for 12 loy shell, gasket, Tower entirely of Monel 

Absorber entirely of Inconel alloy. inches. pipe connections. alloy. 
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Evaluation: Good. Only evi- 






Evaluation: Un- 


















Evaluation: Good results with Inconel Evaluation: Undetermined; no trouble ex- determined; no dence of corrosion at point 

alloy pected. trouble expected. of reaction of KOH and 
fluorine at nozzle... was 
expected. 








(Information courtesy of Oak Ridge National Laboratory, operated by Union Carbide Corp. for the U.S. Atomic Energy Comm. 
Adapted from Jndustrial & Engiueering Chemistry, Feb. 1958, by permission of copyright owner.) 
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stoichiometrical uranium 
dioxide density 10.7 


Uranium Oxide Pellets 


must have very particular qualities in order to 
comply with the wishes of the reactor engineer, 
the fuel manufacturer and last not least the eco- 
nomist. More than three decades of experience 
in sintered reflectories have given us the back- 
ground for the successful solution of the prob- 
lems involved. 


Our production program includes: 


1. reactor grade metals like uranium, thorium, 
zirconium and others, 
. Metallic and ceramic nuclear fuel elements for 
heterogeneous reactors, 
- equipment for the production and fabrication 
of reactor materials. 


DEGUSSA FRANKFURT AM MAIN 





everything 
for the 


Nuclear 
Laboratory 
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SCINTILLATION PROBES HIGH VOLTAGE SUPPLIES SCINTILLATION SCANNERS 


a 


| 
TY 


JIjoONU yy 


Y 
advanced-design instrumentation, soundly made, and backstopped 


SURVEY METERS FOCUSING COLLIMATORS SPECTROMETERS 


ad 
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SJUOLLINIFSUET I 


3 | 


1S 


eo 


by the trained Picker national Service Organization with local Sales 


>BILE ACCESSORIES 


th )BESTAN AND SUNDRIES 
ee : a oo Mobile Picker Probestand 


with Scaler and 


\ High Voltage Supply 


7s 


and Service facilities everywhere 


Get the story from your local Picker man. 
There’s probably a Picker District office 
near you (see local ‘phone book) or write 
Picker X-Ray Corporation, 25 South 
Broadway, White Plains, New York. 
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ANNUAL SAVINGS IN DIRECT OPERATING COSTS 
FROM THE SUBSTITUTION OF ZIRCALOY FOR 
STAINLESS STEEL IN FUEL CLADDING 





RCONIUM 


The relative values of zirconium and stainless steel in five power- 
producing nuclear reactors have been studied for Columbia-National 
by Dr. Manson Benedict. 


This study shows that the low neutron absorption of zirconium (or 
Zircaloy) can often contribute important savings through the use of 
uranium of lower enrichment, through reduction in the critical mass of 
uranium, or through some combination of these features. The effects 
of changes in the principal design variables have been studied to make 
the results applicable to a wide range of reactors. 


A summary of the results of this study will be sent to those requesting 
it on business letterheads. 


Columbia-National Corporation 


Jointly owned by National Research Corporation and 
Columbia-Southern Chemical Corporation 
Dept. RS-F —-70 Memorial Drive, Cambridge 42, Mass. 








Keithley electrometers for 
every dc laboratory test 





electrometer 


Model 610, line-operated, 59 ranges Model 600, battery-operated, 53 ranges 


The Keithley 610 Electrometer is a laboratory workhorse, The Model 600 is a small, portable, battery-operated 
doing the work of several instruments. It covers the ex- sister of the 610. Its many ranges also are tabulated 
treme spans of dc voltage, current, and resistance tabu- below. Like the 610, its input resistance may be varied 
lated below, and is a useful preamplifier as well. It has from one ohm to over 10! ohms, permitting an opti- 
precise gains to 1000, a de to 500 cps bandwidth, and mum balance of low circuit loading verus minimum pick- 
10-volt and I-ma outputs. Input resistance of the 610 up. Output is sufficient to drive potentiometric recorders 
is selectable from one ohm to over 10!4 ohms. It checks directly, with a de to 100 cps band-width, and zero 
its own resistance and voltage supply standards. Zero drift drift is within 2 millivolts per hour. The 600 will check 


is comfortably within 2 millivolts per hour after warmup its own batteries; minimum battery life is 500 hours 





FULL SCALE RANGES 

Need a few specials? oe “VOLTAGE | CURRENT RESISTANCE 
Recent Keithley develop: 10 mv to 10-3 amp. to 10 ohms to , 

ments include instruments 610 100 volts 3 amperes 10! ohms $465.00 
for the Navy’s Vanguard, ——— ——_— - — 
for Army research balloons, 600 
and for Air Force research 
missiles. Your special prob- 
lem will receive a prompt THREE ACCESSORY probes are available to facilitate measurements and extend the 
reply. measuring range to 30 kv (Model 610) or 10 kv (Model 600). A convenient accessory test 
shield permits rapid checks of small components. Write today for more details 


PRICE 





10 my to 10° amp. to 10,000 ohms 19 
10 volts 3 amperes to 10 ohms $380.00 


























KEITHLEY INSTRUMENTS, INC. 


12415 EUCLID AVENUE + CLEVELAND 6G, OHIO 
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Plastic Moldings — Unlimited Sizes 
Prototype Runs — Production Runs!! 


containing illustrated in- 
formation on Conneavt’s 
plastic research and devel- 
opment laboratories, and 
complete plastics produc- 
tion facilities. 
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The items shown are merely indicative of the many 
shapes and sizes of finished forms Conneaut can produce 
from thermoplastics, such as Polyethylene and Nylon, 
for experimental work, pilot operations or production 
runs. Parts can be finish machined, or may be “slugs” of 
rough dimensions for further working in your plant 
Compound formulations can be varied to meet specific 
design requirements. For example, additives such as 
Elemental Boron, Boron Carbide, Lead Oxide, 

Cadmium Oxide, etc., can be incorporated in the 
compound for various nuclear applications. 

Where only a few of each item are required, or where 
production runs are of large quantity, plastic parts from 
five pounds to several hundred pounds can be molded 

by Conneaut at substantial savings over production 
methods requiring costly injection or compression molds. 
Write for more information, or send prints and 

details of your requirements for immediate analysis 

and recommendation. No obligation 
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CONNEAUT 


RUBBER AND PLASTICS CO. 
Conneaut, Ohio Phone 51-961 





leading reactor builder offers 


LONG RANGE 
CAREERS 
in worldwide nuclear projects 


EXPERIENCED NUCLEAR ENGINEERS 
AND SCIENTISTS 








DEV K L OPMENTAL 





Senior responsible openings. Requires related experience and aie ee. 


FUEL ELEMENTS 


Fuel Materials: Physical metallurgists and chemists for research and 
development of reactor fuels. Study radiation effects, overall evaluation of 
uranium and thorium alloys, and ceramics. Research in gas-metal systems, 
emphasis on structural, phase equilibria, and material properties. 
Irradiation and hot-laboratory operations: Design and conduct irradiation 
experiments in reactors, or in the post-irradiation testing and evaluation 
of fuels. Design specialized hot-laboratory equipment. 

Fuel fabrication: Metallurgical and mechanical engineers for fabrication 
development of materials and elements. 


REACTORS AND EQUIPMENT 


Compact reactors and power conversion: Nuclear, mechanical engineers. 
Design, installation, checkout, operation, and environment tests for satel- 
lite auxiliary power plants. 

Instrumentation and control: EE’s and applied physicists. Design, develop, 
analyze, and test advanced automatic power plant control systems and 
components. 

Mechanical components: ME required. Develop coolant, other equipment 
for power reactors. Problems in thermodynamics, stress, heat transfer, 
and fluid dynamics. Metallurgist for research on reactor structural mate- 
rials. Desire alloy development and solid state diffusion experience. 





AN ALYTIC AL 





Responsible positions. Degree essential. Experience as required. 
Preliminary engineering: Conduct studies and evolve conceptual designs 
of power plant systems for mobile use. Prepare proposals and conduct 
design and economic analysis of commercial power plants. 

Shielding analysis: Advanced studies and analyses of stationary and 
mobile plants, using high speed computers. 

Core analysis: Criticality, temperature, void and power coefficients, con- 
trol effectiveness, and fuel cycles. 

Systems analysis: Mobile compact reactor and power conversion system 
simulation and vehicle integration analysis. 

Control analysis: Reactor kinetics and overall nuclear power plant control. 
Hazard analysis, using analog and digital computers. 

Heat transfer and fluid flow: Steady-state and transient analysis. Power 
optimization studies, free and forced convection flow transients, boiling, 
and two phase flow. Analytical methods using analog and digital computers. 
Stress analysis: Structural, thermal, and dynamic stress analysis of high 
temperature reactor systems. 

Operations: Foreign, domestic, and advanced developmental reactor check- 
out, start-up, test operations, and customer training. Includes operational 
analysis and design criteria. 








Write for more details of exciting career opportunities at AI. 
Mr. (. J. Newton, Personnel Office, Atomics International, 
15330 Raymer Street, Van Nuys, California 


(In the suburban San Fernando Valley, near Los Angeles) 


ATOMICS INTERNATIONAL 


A DIVISION OF H AMERICAN AVIATION, INC, 
PIONEERS IN THE CREATIVE USE OF THE ATOM 





SRE Reactor Control Element Actuators. Sodium 
Graphite Reactor (SRE) uses eight control actu- 
ators. Four function as safety rods, two as shim 
rods, and two serve as shim regulating rods. 
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The new American- 


Standard UTR-10 is 
the training reactor 
of the future because 
of its performance 
and its versatility. 


It Offers: 


e A HIGH FLUX CENTRAL REGION 

e DRY EXPERIMENTAL FACILITIES 

@ MULTI-STRINGER THERMAL COLUMN 
@ FLEXIBLE CORE CONFIGURATION 

@ SHIELD EXPERIMENTAL TANK 

@ SPECIAL-PURPOSE MODIFICATIONS 


@ COMPLETE POWER REACTOR 
SYSTEM DEMONSTRATION 


e WIDE POWER RANGE 
e FUEL HANDLING DEMONSTRATION 








You are invited to inspect the UTR 
now operating at our Mountain View 
facilities. Delivery can be made in 
from three to six months. For price 
and delivery quotations write Mar- 
keting Department— 


369 WHISMAN ROAD 
MOUNTAIN VIEW, CALIFORNIA 


seer as Standard 
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Making thermocouple connections on an in-pile test capsule 


Reactor design and development begins with the mathematician 
and the physicist. But concept must yield to blueprint, blueprint to 
sure, dependable hardware. No less than the mathematician, the 
instrument maker, the welder, the machinist, the electronics 
technician—in fact, a complete spectrum of skills makes up the 
reactor team. NDA has these skills in full measure in its White 
Plains and Pawling centers for reactor design and development. 
Let this team work on your nuclear reactor problems. 


THIS, TOO, 
IS REACTOR 
DEVELOPMENT 


a complete reactor company 


NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y. TEL. WH. 8-5800 
NDA BUROPE 31, Rue du Marais, Grusseis, Belgium 
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RO U N D P from haa 


September 1-13 


NUCLEONICS’ On-the-scene Report 
On the 1958 Geneva Conference 


Geneva, Switzerland, was the center of the nuclear world for two weeks this 
month as the United Nations held its Second International Conference on the 
Peaceful Uses of Atomic Energy More than 5,000 delegates and observers from 
69 countries attended technical sessions, a scientific exhibit and a commercial 
exhibit. 

Although there was electricity in the air as the crowds converged on the main 
assembly hall for the opening plenary session, there was not the same excitement 
as there had been at the first conference in 1955. Attendance quickly dropped 
through succeeding sessions until the opening of the first fusion discussion, which 
commanded considerable attention 

Controlled thermonuclear power then held the spotlight for the remainder of the 
conference—in the sessions, in the exhibits and in informal discussions. Great 
emphasis was placed on the need for international cooperation in fusion. 

Despite the clear pinpointing of the relative timetables of fission and fusion at 
the conference, fission took a back seat most of the time. 

This issue of NUCLEONICS, starting on p. 61, features a report on the papers pre- 
sented at Geneva. This 12-page Roundup report cabled from Geneva, is based 
on coverage of the actual meetings and exhibits by a three-man NUCLEONICS team. 
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Corridors were more crowded than sessions. 


Geneva Disappoints 


Many Attendees 


Geneva, September 1-13 

In August, 1955, the Palais des 
Nations in Geneva was the scene of 
what was probably the world’s most 
successful and significant scientifi: 
conference—the First United Nations 
International Conference on the 
Peaceful Uses of Atomic 
East and West, for the first time, ex 
changed information on matters that 
had been secret and learned to 
respect each other's competence 
Small nations got their first compre 
hensive picture of the state of nu 
clear technology. And international 
vendors and buyers of nuclear equip 
ment were able to meet for the first 
time in the same marketplace 

These were some of the accom 
plishments of Geneva-55. They 
represented the target at which 
Geneva-'58 had to shoot, for in 
evitably any evaluation of ’58 must 
be done in comparison with 55 

It is now clear (as this is being 
written, towards the end of the con 
ference) that Geneva-’58 fell fa 
short of the mark. Although ther 
were several noteworthy aspects of 
the conference, the question that 
nagged many observers at the con 
ference was, “Was it worth all the 
money and herculean effort that 
went into it?” 


Energ\ 


Credit Side 

The clear-cut accomplishments of 
Geneva-58 were: 

1. Controlled thermonuclear power 
is now totally declassified through 
out the world. 


18 


Full international interchange 
of pe iceful nuclear technology now 
seems much more possible 
3. A clearer understanding of the 
problems of and time scale for 
ichieving successful controlled ther 
ionuclear devices emerged 

4. Despite remaining gaps in in 
formation, the Soviet fission program 
is easier to understand 

5. The American exhibit had con 
siderable impact on the world nu 


clear community 


Debit Side 

The shortcomings of Geneva-’58 
were 

1. Very little information of “earth 
shaking 


2. A not much better picture of 


significance was presented 


rite le il powel economics came out 
than was presented in “55. 
3. In certain fields, particularly 
fusion, many workers were kept 
from their regular scientific duties 
for many months because of Geneva 
pre parations 
Over-all View 

Because an overriding purpose of 
the conference was political—as it 
was in °55—it lacked the flavor of a 
scientific meeting that so manv wert 
looking for 
mammoth nature of the entire affair 


If nothing else, the 


tended to overwhelm people, physi 
cally and mentally 

Thus, many participants were dis 
appointed and accepted their roles 
merely as a “duty” for their govern 
ments 


For manv, the one _ interesting 


thing at the conference was the 
American scientific exhibit (see p 
20 By all odds, the exhibit was 
one of the most impressive displays 
on nuclear energy ever set up It 
certainly far surpassed, in quality 
and quantity the exhibits of every 
other country showing at the Palais 
des Nations 

Whereas in 1955 the USSR ex 
hibit ranked first on curiosity in 
terest, this time the American pres 
entation was the main attraction 
with the fusion sector in the center 
of the stage 

Fusion. At Geneva-'55, the pres 
ident of the conference Homi | 
Bhabha of India, alerted the world 
to the potential of controlled ther 
ear power 
At Harwell in 1956, the USSR’s 
Igor Kurchatov gave the world the 


TNOTILIC 


first scientific discussion of fusion 
work The Soviets took and were 
given, at Geneva-58, ample credit 
for this first declassification 

At Geneva-58, total declassifica 
tion of fusion work was announced 
This, to manv, made the whole con 
ference worthwhile 

This was pointed up very well in 
the leading 
I A. Artsimovich: “For the first 


time, these results will be discussed 


Russian fusion papel by 


on an international scale ind this is 
probably the most important step 
that has been made towards the 
solution of this problem The im 
portance of this fact is greater than 
that of the separate investigations 
which as vet have not brought us 
very much nearer to our ultimate 
goal He then called for inter 
national cooperation to assure suc 
CeSS 

The fact that declassification of 
fusion would be an important ac 
complishme nt of the conference was 
made clear at the outset when the 
US and UK, on the eve of the con 
dramatically 


ference announced 


“total declassification Ideas in the 
controlled thermonuclear field will 
no longer be “born classified ac 
cording to the US. One effect of 
this within the US will presumably 
be the 


private 


ibolition of the need for 
companies to get access 
permits for access to government 
fusion data 

The USSR statement on its de 
classification of fusion came out only 
in answers to questions at press con 
ferences rather than in any formal 
way, and then perhaps because of 
lack of clarity of communications 
the answers came out begrudgingly 
The main evidence of declassifica 


tion was stated to be a set of four 
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vering the whole Soviet 

ram, that was presented 

chief delegate V. S. 

immediately after he 

iddress on opening day 

great benefits of the 

of fusion came out 

conterence With 

it was possible for 

go awav with a 

of the true state 

to know that, de 

lamor about the sub 

ition was still quite 

see p. 22) The 

| be certain that they 

total picture since 

hers had inte rrupted 

masse, to take stock 
pers and exhibits 

f the fusion presen 

he debunking of one 

ion success and the 

inother Artsimovich 

hether or not fusion 

vermonuclear in origin 

nterest today to news 

uuld be to scientists 

roft of the UK seem 

this when he defined 

kthrough’ as occurring 

r output from a fusion 

ist equal to that which 


Soviet program. As in ‘55, one 
st eagerly awaited parts of 

nee was the presentation 

Its. In fusion, virtu 

bevond the Kurchatov 

nit in the past several 

nn t paper at the 

| Power Conference 


July (57 p. 20) had 


Three “stars of Geneva-'58 after reading their fusion papers 
from left): E. |. Dobrokhotov (who read the USSR paper for L. A. 
Artsimovich), P. C. Thonemann, UK; and Edward Teller, U. S. 
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been the only 
But at Geneva-'58, the world got 
a good look at both the Russian 


fusion and fission work (see pp. 23 
PI 


import int release 


and 25). Interestingly, both seem 
to have as wide a scope as that of 
the US, if not the same depth 

The lack of need of the USSR for 
a new source of power which has 
been suspected was documented by 
Emelvanov: “Our country possesses 
tremendous reserves of organic fuel 
of all tvpes as well as considerable 
resources of water energ 

Nevertheless, the USSR was abl 
to pull off an effective coup midway 
in the Conference when it announced 
full power 
Mw(e) reactor in Siberia 


operation ot its 100 
A major 
effect of the disclosure was to raise 
doubts about the Western assump 
tion that Russia has little in the way 


of a reactor construction program 


I 
Nuclear pow er economics, ex- 
One of the biggest dis 


appointments of the conference was 


perience. 


that, although much experience has 
been had in reactor technology since 
Geneva-'55, there has not been 
enough to make nu lear powel plant 
costs much more predictable than 
in ») 

For example although the UK has 
been talking about getting a fuel 


irradiation of 3,000 megawatt-davs 


per ton in Calder tvpe reactors the 


maximum it has achieved thus far 
has been 1,300 Mwd/ton in “hun 
dreds of elements in certain chan 
nels” of the No. 2 reactor at Calder 

And, although US firms have 
been offering up to 10,000 Mwd 


full fuel 


ton, no such experience 


opment division 


elements was reported at Geneva 
this despite the fact that the US has 
now had 17 reactor vears of opera- 
tion compared with only 7 at the 
time of Geneva-’55 

But despite this lack of useful 
cost data, Cockcroft predicted that 
the world’s present nuclear power! 
plant capacity of 200,000 kw would 
be upped to 15,000,000 kw by 1970 

\ supporting note was added in 
a World Bank-Italian report on the 
SENN project. Bids from vendors 
fell in a range of 11.1 mills/kwh to 
16.9 at 80% plant factor and capital 
charges of 149 Apparently, the 
world nuclear industry is now at the 
point where it is ready to risk its 
reputation on prov iding low-cost 
nuclear power plants 

Plowshare. One sour 
Geneva came in connection with the 
Project 


(peaceful applications of nuclear ex 


note at 


US paper on Plowshare 
plosions) and resulted in the onh 
open bitterness between the US and 
the USSR. Because the US speaker 
Gerald Johnson of Livermore, gave 
the only direct discussion of weapons 
on the program, he came in for 
sharp questioning from 
delegates and the UK, and for direct 
criticism from the USSR. Behind 


the conflict were: a general sensi 


Japanese 


tivity on weapons; a feeling that 
Plowshare might be a means to get 
around a ban on weapons testing; 
and a belief that Plowshare might 
represe nt a device to keep some non 
military thermonuclear data classified 
It was the opinion of many that the 
US didnt come off well in. this 


prese ntation 


Chairman John A. McCone (striped tie) of USAEC being shown 
through U. S. exhibit by U. M. Staebler of AEC's reactor devel 
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ARGONAUT construction started Monday morning, 


Sept. 1; 


U. S. COMMERCIAL EXHIBITS; U. K. exhibits are at left 


OPERATING REACTORS in commercial exhibits—at left, 
Atomics International water boiler; at right, Aerojet-Gen- 
eral AGN-201 


“Phenomenal” 


Geneva, September 1-13 


word for the official 
American exhibit at Geneva is 
“phenomenal”! Even blasé Ameri 
overwhelmed by it, in 


The best 


cans 
addition to 
scientists 
The exhibit was so successful for 
many reasons: new information was 
presented, many actual working de 
vices were in operation, experiments 


were 


many of the foreign 


were carried out on the spot, there 
interrelationship between 
experiments, the top 
experimenters for each of the proj 
ects represented were present them 


was an 
many of the 


selves and the whole thing was very 
well organized. 


ROTATING-PLASMA device fired dis- 
Although the very elaborate fusion 


charges and ‘scopes plotted data 


20 


reactor went critical before end of week 


Is the Word 


display stole the show, there was 
that was interesting 


(TRIGA 


were 


much else 
1. An operating reactor 
produced radioisotopes that 
used in various experiments in the 
American exhibit 
2. A health 


kept watch over the entire 


and safety laboratory 
US ex 
hibit via remote monitors to main 
tain a maximum of 2 mr/hr at any 
viewing point in the show Radio 
active samples were counted through 
out each day. 


3. An 


structed at the 


Argonaut reactor was con 
exhibit 
first week of the conference 


during the 
to dem 
onstrate the ease of construction 
4. A 


services for nearly 
at the 


cente! provided 
a dozen different 


US exhibit 


computer 


experiments 
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HEALTH PHYSICS was not ignored— Han- 
son Blatz of AEC New York Operations 
office at work at health and safety exhibit, 


which monitored all U. S. exhibit radiation 
facilities 


STABILIZED PINCH device exhibited by 
University of California Radiation Lab- 
oratory included high-speed camera to 
photograph discharges 


TRIGA reactor, in operation in U. S. 
exhibit, produced radioisotopes for use 
in exhibit experiments 


for United States Exhibit 


These are only a verv few of the 
ibits [The visitor to these and 
others could easily come away 


ol 
the 
with the impression that he was in 

f the national laboratories in 
the US 

Confirming that impression would 

1 visit to the basement of the 
US exhibit—to see the power station, 
the electronics shop, the spare 
fusion equipment, etc 

he biggest crowds concentrated 

the fusion section. There they 
could see not only operating fusion 
devices and models of future ones 
but also an array of equipment that 
represe¢ nts the de velopment of many 
new tec hnique s and pieces ot equip- 
nent, things that may well find 
important application in other areas. 


POWER STATION supplying U. S. exhibit is viewed by NUCLEONICS Chief Editor Jerome 
D. Luntz, who led three-editor team covering Geneva 
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Fusion: Where 


GENEVA, September [13 


One of the most important 
plishments of Geneva-'58 was t! 
true assessment of where thx 
stands in controlled thern 
power was made possible 
constantly emphasized that 
road lies ahead to the ac 
ment of three important stag 
a self-sustaining reaction, (2 
action that makes as much | 
is required by the containr 
vice and (3) a device that 
power producer. 

Meanwhile, much work 
be done in plasma _ physics 
best approach is not ob 
currently 
their usefulness in plasma 


operating devices 


Possibly some devices are p1 
thermonuclear reactions on a 
scule scale now—and bigger 
are around the corner. Artsit 
says: “When the number of n« 
arising in a single discharg 
reaches a value in excess 
then all doubt as to the 
this effect will vanish.” 


Fusion Time Schedule 

The main question that 
evervone’s mind was, “Wher 
we have controlled fusion? 
dence was available for th 
mists, the optimists, and midd 
the-roaders. 
to what may be 
neutrons from the American S 
and the Russian ion magnet: 
to the prediction that DCX 
achieve burnout momentaril 
pp. 67 and 69). Meanwhile 
pessimists pointed to some the 
cal and experimental dis 
Russian computations 


The optimists 
thermor 


ments. 
take into account higher order te1 
that have not previously been e\ 
uated indicate that radiation 

from truly hot plasmas may be m 
greater than has been anticipate 
(2213). Several American speakers 
notably L. Tuck in his review of 
LASL work (1860), referred t 
still unknown loss of energy (possi 
bly the result of “cooperative pheno 
mena”) that is currently plaguing 
pinch experiments. (It is not th 
radiation loss previously referred to 
plasmas have not yet reached the 


ures at which that bex 


ndicated that two explana 
ivailable for the unknow 
tabilities of the plasma as 
| motions within the plasn 
rrect explanation turns 
whole I 
can probably be 
On the other hand 


is in plasma oscillation 


: 
ylasma __ instabilities 


electrons and ions 
roles, the result may 


phe without a solution 


orce the abandonment 
eles as a potential pow 


expe rts seemed to be taki v 
s, middle-of-the-road view 
nirst predictor of ultimat 

ver and the most hig il 
unbiased observer H mn 
was the target of many 
m the time scale Asked 
ild alter his 1955 estimate 

ears in the light of revela 

t the ’58 conference, he re 

ith a smile that he could 
revise the estimate to 20 minus 

Edward Teller indicated that 

s technology might be abl 

epare for the 
reactors in the 17 

had predicted oo 


questions about whether 


} 


challenges 


yuld be a fusion reactor as 


it achieves burnout, replied 


hile there were no obvious 
in the wav now thev were 


; 


to appear as the nex 


Pure Science 
I theme that talk about fusion 
is premature ran throughout 
on meetings The feeling 


it plasma physics must be 
ind that there is much to be 


before the knowledge ca 


ften-used simile was that 

rk IS how like a baby 

to walk Several steps oc 

vithout difficulty, but the next 

be the one on which we fall 
ll tace 

often suggested that the 

the fusion problem may 

big, unexpected — break 

Teller’s re ply to this senti 


Do We Stand? 


ill spe iKkers 
nent with 
ar to LISC! 


Zeta and 


iste! 
Asked 
ind 
tiple 
replied that limited 
cted where 
itest possibi 
appe 


itest |} 
I 


What Kind of Neutrons? 

Ever e discussed his trons 
Bell ndicated that DCX makes 
them ple ntifully and it is pla n that 
thev a rom wall impurities 
ruck and the Russians agre 
the que mn of origin is 
portant sell, Tuck, and 
sians indicated that when 
thermonuclear neutrons 
significant, they will get 
such numbers that there wi 
doubt 

Meanwhilk 


} 
magnetron ( were pleased to 
I 


Sevila and the ion 


sav that there no evidence vet 


that their tl 


eutrons are not thermo- 
nud lear ones 
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Geneva, September 1-13 


] ] 


i large and cCom- 

S I program at Ge 

As I ts magnitude it 
tot surprises for which 
huss papers received 

Ce gave no hint 

) tl ge OGRA device 
OGRA’ st s for the initials of 
r the ‘ worked on the 
\ s surely one of the 

te i expensive fusion 

Ses I the world The 

s s letailed theory of 


losses that show that more 


hes resent in high-tem- 

las Ss than have been 

i pated. Except for these things, 
Britis] ’ American observers 
that the had not learned 


what the Rus 


Russians were surprisingly 

l vate conversations 

eare a holding nothing 

A pape L.. A. Artsimovich 

escribe their program in detail 

5 H utlined the general 

t tus is the Russians have 

\ t d described their ex- 

its in three areas: fast pinch, 
stabilized pinch and plasma traps 


Multiple Approach 
Like the | ted States and in con- 


to the British, the Russians are 


suing thermonuclear problems 
7m iths This was stated 
x tl rtsimovich It was 
ls t from their scientific 


R ( a Conference papers 
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> ate: 


OGRA, world’s largest fusion device, was among Russian surprise revelations at Geneva 


Fusion: The Russian Picture 





exhibit and their private conversa 
tions with American fusioneers 
OGRA indicates that thei: big 
gest effort is on a magneti trap 
with molecular-ion injection It is 


roughly similar to the Oak Ridge 


DCX devices see p of Yet its 
size and the advanced stage of its 
development make it apparent that 
it was near comple tion before the 
Russians knew anvthing t DCX 

Private conversations tl Rus 


sian dele gates led DCX peopl to 
conclude that the ] 
quickly embarked on a p1 gram to 


Russians 


I 
duplic ate DCX as soon as its details 
were published The British came 
to a similar conclusion relative to 


their Zeta and Sceptre devices 

An operating linear-pinch device 
was part of the Russian scientific 
exhibit, their only actual fusion de 
vice on display Meanwhile thei 
theoretical papers showed that they 
are exploring twisted magnetic fields 


higure-S s 


including  stellarator-like 


} 


radiofrequency containment like that 
considered at Argonne see page 
68), and radiofreque ncy traps at the 
ends of strong magnetic fields They 


] 
) 


also have a rotating plasma device 


that uses betatron acceleration 


OGRA Is Impressive 
Looking at the great size of OGRA 
see figure above) one is led to ask 
“Why?” 


be big to make up for inadequacies 


One reason is that it must 


in its injection and trapping meth 
ods. But it is apparent in both 
fission and fusion programs that the 


Russians are willing to risk big 
stakes by building big machines first 
Thev are 


apparently prepared to 








skip the preliminary 
that can be done with small devices 
As one British expert phrased it, the 


experime nts 


eventual machine must be a big one 
so perhaps it is good to start out 
with a big one 

Apparently OGRA is currently at 


the shakedown stage This was 
the general conclusion of American 
observers from the evidence the 


Although 


in general, the Russians were com 


Russians made availabk 


municative, it was not easy to get 
an explicit statement on this point 
This left unanswered the question 
as to how a large device can be de 
signed, built and put in operation 
without any performance data be 
coming available 

Design. OGRA is a 


device held high in the air on sup 


[-shaped 
porting legs. The cross bar is a 20- 
meter long metal tube with a 1.4 
mete! internal diameter Coils 
wound along the tube create a field 
of 5,000 gauss at the center, and 
mirror coils, separated by 12 meters 
produce fields of 8,000 gauss 

The side tube, about 10 meters 
long, is for injection of D: ions into 
the trap. It contains an ion source 
that accelerates the ions to 200 kev 
and coils and electrodes for electric 
and magnetic focussing Artsimo 
vich stated that, “It is expected after 
adjustment of the apparatus it will 
be possible to raise the D: ion cur 
rent entering the vacuum chamber 
to several hundreds of milliamperes.” 
[This should lead to D’ concentra 
tions of 10°/cm 

Ion insertion is always a problem 
The Russians are attempting to solve 
it by inserting a metal snout into the 
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containing field. This dis 


field lines somewhat and permit 
ions to enter the field wit! 

netic energy low enough 

do not immediately escay 
disadvantage is that the snou 
always present as a scattering t 

Any ion in the system can be 
pected eventually to hit 

bounce out of the trap Russian 
at the conference were eager for 
tails of the extraordinary carbo 

in DCX. 
felt sure that such an arc w 
shortly become a part of OGRA 
improved ion injection 


Artsimovich Paper 

The Artsimovich paper 
plenary session on fusion 
tailed description of the 
fusion program. He discussed 
theoretical considerations and s! 
how the Russians were testit 
with devices that fall int 
classes: (a) fast pinch, 
bilized pinch and (c) traps 

Theoretical considerations. Th: 
paper makes it plain that the Rus 
sian theorists have discussed fusio1 
in the same terms as the Ameri 
and British. The basic dyna 
equation that describes plasma be 
havior permits two basic simplific 
tions. In one the assumption is 
that the plasma has a constant pres 
sure at all points. This leads t 
pinch, in which tic 
forces balance plasma pressur¢ The 
other assumption is that there is 
negligible acceleration within the 
plasma. This leads to the concept 
of the magnetic trap. 

Fast pinch. Early Russian tests 
of their theory were with fast-pinch 
apparatuses. Fast pinches were de 
fined by the speaker as those in 
which the current rise time is short 
compared to motions in the plasma 
The Russians have made detailed 
and cautious estimates of t mpera 
tures and densities in their plasmas 
and found values that agree well 
with their theory. Temperatures of 
3-4-million °K were attained and 
maximum densities 30—40 times the 
original density of the gas 

They had no difficulty producing 
neutrons, but the speaker left to 
newsmen the worry about whether 
the neutrons were of the “noble rac« 
of descendants of thermonuclear r 
actions.” He stated that when the 
could observe 10” neutrons per puls 
they would be convinced that th 
neutrons were thermonuclear In 
the meantime he felt that it was 
not an important point. 


electromagne 
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Some of the DCX pe yple 


Russians are entirely pessi 

about the future value of fast 

es as power producers. They 

calculated that in a powel 

producing pinch each pulse would 

have to be violent enough to destro 

the apparatus containing it. Thus 

their present research in the subject 

is entirely for better understanding 
f plasma physics 


Other Pinch Experiments 
Aside from straight-pinch devices 
the Russians have performed similar 
xperiments with plasmoids and D-D 
il d D-T « xplosions 
] ] 


ismMoias are 


Two types of 
de veloped One is 
rated by the current in a loop 
resulting torus is guided by 

tion with the wires leading to 
p Observed velocities reac] 
) In the other situa 


; ] 


toroidal plasmoid is generate 


LO’ cm/sec 
1 magnetic field perpendicular t 
he plane of the torus The tor 


n collapses into a blob that has 
irticle density as high as 10"/cm 
D-D and D-T explosions hav 
beet created by surrounding a1 
mp yule containing the appropriate 
is mixture with a chemical exph 
e and setting off the combination 
resulting explosions destroved 
neasuring apparatus, but not 
before it had registered flights i 
both fast and moderated neutr 


The experiments have now beet 


ibandoned as having no practical 
y alu 

Stabilized pinch. Two kinds 
stabilized pinches have been pro 
duced and examined. One is the 
iramagnetic pinch in which the 
magnetic field lines are held within 
the plasma and contract with it 
rhe other, a nonparamagnetic pinch 
ccurs in a high magnetic field 
which stays relatively constant dur 
ing the pulse 

The paramagnetic pinch requires 
1 conducting sheath around the di 


S 
charge. Induced currents in the 
sheath reduce the magnetic field out 
side the plasma, and plasma currents 
cause the fields inside the plasma to 
build up as the plasma diameter de 
Artsimovich quoted pub 
lished British analyses of Zeta and 
expressed Russian agreement with 


creases 


them. The conditions he placed on 
ixial and azimuthal fields are those 
that Americans and Britons have 
stated at the conference. He agreed 
also that the plasma must not con 
tract too much lest it pull so fai 
from the walls that currents in the 
surrounding sheath cannot perform 
their function 


Nonparamagnetic pinch are 
found to have much promis They 
ma\ however, require magnetic 
30.000—50.000 
to sutte: 


corkscrew instabilities, but these are 


3 
helds as great as 


auss They are likely 


! 


t considered serious 
f the plasma ) 
Artsimovich cautioned that 
ysis that has } applied 
) ] 


he AAD 


pinches is a sin 
complished wit! 
amic theory, 
unable to deal 
he plasma 
experiunents nonpara 


} | 


pinches lave progressed 


at discharge Bf t roids 
discharges s 
g losses at the 1d elec 
Artsimovich ncluded 
ph and a cutawa drawing 
pinch toroid m ! like the 
Zeta and Ce] 
diamete! ol 
eter 
f 1.25 meters ’ 
re transformer with a 
il consisting of 20 thick 
The | gitudinal field 
reased to 12,000 gauss 
yndenser bank stores 1.2 
oules d al harge 
t 400.000 
lraps. Research in traps has led 
to the OGRA machine Anothe1 
de V IS al 1On Mag ron similar 
to the one recently revealed in the 
S Here D* ions are accelerated 
from a central plasma to a surround 
ing wall by a 40,000-volt potential 
and caused to circulate bv a longi 
tudinal magnetic field The vacuum 
chamber is meters lor g. and the 
magnetic ! varies trom 8,500 
gauss at the center to 12,000 gauss 
at the ends Titanium pumps main- 
tain a vacuum of 10° mm of Hg 
Ion lifetime s of several mill seconds 
are predic ted on the basis of exper! 
ments in which the accelerating volt 
age 1s switched off and plasma dis 
appearance IS observed 
Two other kinds of trapping are 
being investigated One has a cor- 
rugated field produced by a series of 
conductors outside the plasma The 
resulting inhomogeneity induces 
axial circulation of plasma particles 
and reduces escape The other is 
r-f trapping. Containment by purely 
r-f fields has been investigated, and 
in experiments r-f fields have been 
used in conjunction with constant 
magnetic fields. The result is a 
trap in which an r-f plug replaces 


the usual magnetic mirror. 
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RUSSIAN REACTOR FAMILY exhibited at Geneva included models of proposed 
50-Mwile) sodium-graphite plant (above), 150-Mwle) D-O-CO, design (upper 
right) and 210-Mwle) pressurized-water type (lower right). Latter will use 
1.5% enriched UO, and is expected to begin operation in 1961. Two pairs of 
PWR design will be built to power central stations near Voronezh and Leningrad. 
Russian program also includes work on boiling water, homogeneous, fast breeder 


and graphite-H.O concepts 


Geneva Reviews Reactor Progress 


Geneva, September 1-13 


of Geneva dealt 

design and ex- 

lified observers dis- 

is to the over-all 

the presentations. Some 

it a good share of the papers 

Western as well as Russian—were 

nformative in the sense of remain- 

silent on important points; there 

some dissatisfaction 

rwhelming number of 

as well as with 

mn and the need of meet- 

mands in this regard of 

polit that is, the requirement 
of ge raphic distribution 

Orl on the other hand, thought 

that technically this conference was 


ec ( 


i¢ 
better than ts 1955 predecessor; 
that the general feeling of anti 
climax that pervaded the corridors 
should really be scribed to the fact 


that fission reactors are no longer 
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automatically thrilling as they were 
three vears ago, and that if the ex 
citement of 1955 was lacking. this 
was only a measure of the distance 
nuclear power has traveled on the 
road to becoming a conventional 
engineering technique 

One thing seemed certain, how 
ever: although there were numerous 
reports on novel reactor engineering 
details, novel solutions to familiar 
problems, and some ingenious ave- 
nues for future development there 
was not a single new reactor con 
cept unveiled. Coming closest were 
the British Advanced Gas-Cooled 
Reactor (AGR) and the High 
Temperature Gas-Cooled Reactor 
(HTGR) at Winfrith Heath; the 
German pebble-bed reactor being 
built by Brown Boveri and Krupp 
and a Russian zero-energy uranium 
hexafluoride gas fueled reactor For 
description of similar concept by 
an American see NU, Aug. 58, 128 


Russian Reactors 

First sensation of the conference’s 
first eight davs was a dramatic reve- 
lation by the head of the Soviet dele 
gation, V. S. Emelvanov, that on the 
Sunday midway through the confer 
ence his country had brought to full 
power a hitherto unrevealed 100 
Mw (e), dual-purpose power and plu 
tonium reactor in Siberia. Graphite 
moderated, light-water-cooled and 
natural-uranium-fueled, it is a scale 
up of the now-famous Russian 5 
Mw(e) “first atomic power station” 
disclosed with similar fanfare at the 
1955 Geneva conference 

A 17-minute color film showed 
delegates a tremendously spacious 
plant with reactor hall much lik 
that of the smaller prototvpe—the 
reactor top is in the center of the 
floor, spare fuel elements hanging 
on the walls. Fuel elements ar 
pure natural uranium metal rods 
aluminum clad, six meters long; they 
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fro the level of 


effort 
added 


and top 


loaded by to Russian 
(channels being closed by hand nfolded 
and are unloaded automaticall 
bottom into a pool of water 
massive shielded _ trouble-shootir that tl 
machine containing two men move 
in horizontal plane between react 
bottom and the pool, and keys under 
channel in the automat tensive 
unloader becomes jammed e advanced 
Primary water enters 
and at 220° (¢ 
system delivers 185°, 90 lb/sq i pt for 
superheated steam to three turb ttle bit of 
Fuel 


200 metric tons natural lt 


are it reactor physics work re 
be sophisti 


cranes reactol 


is 


day up t ported was not found to 


to the 


day by 


cated mm any 


of the | 


Besi 


impressive picture sense surprise 


reactor designers said frankly ». experts 


les the Siberian dual 
the 
LOO-Mw (« graphite-modet 
H.O-cooled unit 
for Che 
experience in 
Mw (¢ 


ry 


s eV were impressed purpose 


d wate! Russians described an 


S 


SSlan work on pressurize 
rs appears to parallel ( 


closely The work is 1 and which is 


and 


very 


any case quite good but not design 
than { Ss VC 
vas presented that was 


can PWR developers ex n m t 
the n 


powel! 
rK operating 
station and of 
As a 
n the 5-Mw 
I boiling In certal 


LOO-Mw (« 


cirect 


ney { t ) IS 


res 


leaves 
small details; however 


information furnished 


generators. loading cladding seems scale 


\ have been 
A qu 


the 


ericans ise 
ite detailed descripti 
two 210-Mw/(« 


being 


cost operation is eight to 

pecks/kwh, said Emelvanoy c f 
Reactor is first of six units | 

is to be a 600 Mw(e) nuclear 

serving a new Siberian cit 

simultaneously with the rea 

not vet named. 

aside persistent questioning 

ing its it is 

“completely new undeveloped reg 

having no geographic identity 

said the power will be used for 

dustrialization of Siberia. Hi: 

a questioner the reactor ha 


\ reactors 
120 Mw 
t Voronezh 


the 


rit lear 
and the 
of 

parameters 


detail 
1 


choices ( mayo! 


i were 
Varian 


] 
i¢ 


Emelvano' 
bt | rire 


location saving irect-cv« 


using ( 
boiling also 
This 
Belgrac 


20 


were 
plant, alread 
le last ve 


to be 


wate! 


al maiming 
substantial 


Efhiiciency 


nteresting featur ry elect il output 


appt ars 
s pressurized 


vel or i 


full power. 





Russian Reactor Program 


Reactor 


First station 


First large 
station 


Uranium- 
graphite 
PWR 


PWR 
BWR 
Homogeneous 


Sodium- 
graphite 

BN-50 (fast 
breeder) 


BN-250 (fast 
breeder) 


Intermediate- 
neutron 


Mobile PWR 


Lenin 
(icebreaker) 


Gaseous fuel 


Fuel Moderator Coolant 


5% enriched 
nat. U rods 

stainless clad 
1.3% 


ding undetern 


enriches 


1.5% enriched 


UO. rods Zr 


144 eler 


UO, suspensio! 
D.O 

different types w 
be tested 

Pu-U alloy and P 
alloys with Ba, F« 
etc., will be test 


Pu 


H.O at 1,764 


5% enriched HO 2,940 psi 
tered UO 


carried in Zr alloy 


rods 


UF, gas 


Steam 
at turbine 


Date of 


Location A gag 
criticality 


Power 


5 Mw 
600 Mw 
® re 
too \ 
t react 
120 Mw 


Iw 


" , 
re ors 


120 Mw 


50 Mw 


react 


35 Mw 


Mw 


Mw 


250 Mw 


50 Mw 


2 Mwte 


270 Mwitl 


actors 


3 re 
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The reactor was 


ll-scale critical experi- 





like 


that u the hirst prototype powel 


he fuel element is basically 
statior tubular, of stainless steel 
taining stacked graphite disks 
erced by five vertical holes a 
narrower peripheral 
les through each hole passed a 


; 


valled _ stain] 


LIeESS steel tube 
i t flows down the cen 
tral hole t 1 small header at the 
bottom of the fuel element and up 
the four pe riphe ral tubes, around 
f which, in an annulus within 

the graphite, is pac ked 5% enriched 
um alloy Coolant is piped in 
controlled 


t each of the ele 


ally I can he 


ents f which there are 128 in 

5-Mw (¢ reactor, 998 in the 

00-Mw(e) reactor (730 boiling and 
268 super-heating elements 

I p S expected to reach 

Mn 000 M t with fuel shift 

g. Calculate lifetime of — the 

ts in the small reactor was 

00 davs,. but four elements, left in 

g t test lifetime, were still 

Se eable after 350 davs (23 kg/t 


~ 


Fast reactors. Russian work on 
st reactors struck 
t lar] Dressive A series of 
bed (see tabk P 28 


BR tor physics constants work, 


Ame mcans as 


vas started ul early 1955; it had 
forced cooling and operate d at 

LO watts BR-2, 100 kw(th was 
t to establish the coefficient of 
edit like the smaller unit, it 

is 10 m dia, 130 mm _ high 
! s in the core and a 
le eted ranium blanket It is 
cooled, and was started up 

Mercury was chosen 
is coolant because of “complete 
bsence of working experience W ith 
eutectic” at that 


P tass 
‘ it is not a prospective heat 
ster medium for powel! reactors 

t is specifically stated BR-5, a 

~Mw(th) unit with sodium cooling 


fluxes to 10°, will be next and 
will do research on fuels and mate 


ils to bridge the gap from BR-2 


with its mercury cooling to a com 
é l-size power producer Now 
n the des on stage are BN-50. a 50 
Mw ( experimental power unit 
wind BN-250. a 250-Mw(« reactor 
vhose construction will start only 
fter BN-50 is in operation 
Knowledge of plutonium and plu 
tonium oxide metallurgy, corrosion 


ind fabrication tec hnolog\ impressed 


| > observers 


Breeding ratios 
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NIOBIUM-zirconium-clad UO. rods in 
hex array form fuel assembly for 
USSR 210-Mwile) PWR. Maximum de- 
sign heat flow for 91 rod assembly is 
1,200 cal, m* hr 


25+0.2 for BR-l, 2.1 0.3 for 
BR-2, 1.9 for BN-50 and 1.8—2.0 for 
BN-250 (none was given for BR-5 
seem optimistic, but may be evi 
dence of Russian design competence 
The Russians described their com 
prehensive program of work on 
zirconium and its allovs as regards 
mechani al 


corrosion resistance 


properties, gas pickup et This 
appeared to U. S. observers as a 
redeve lopment ot existing | Ss 
technology in many respects, but a 
contribution in the sense of confirm 
ing much known material The 
most significant difference seems to 
he introduction ot niobium into the hI 
complex, zircaloy-like alloys, for 
which good corrosion-resistant — 1s 
claimed in both water and steam at 
high temperatures 
Icebreaker. 
the icebreaker Lenin (sec page 92 


Interest ran high in 


and it was speculated that the Rus 
sians have nuclear submarine capa 
bility; Americans in position to 
know said the Lenin reactor’s re 
semblance to Nautilus plant was 
striking. One of them remarked 
that it was clever of Russians to put 
their prototvpe in an icebreaker 
where it would do some good in 
stead of being stuck away in an 
Idaho desert. 

Iwo reactors supply all the steam 
for propulsion plants at 42,000 hp 
output; third is spare but is identical 
to the others The three are a 





ranged side by side—not fore and 
aft—and with their vertical steam 
generators are located in one stain- 
less steel shielded container Each 
reactor with two complete primary 
loops forms an autonomous steam 
raising plant. Reactors are three 
pass, like Savannah, with coolant 
entering at bottom. Flow rate is 
1,000 cu meters/hr. 

Core is about 1 meter diam by 
1.6 meters high; loading per reactor 
is SS kg U 
Burnable poison, “natural mixture of 


o 
~ 


at enrichment of 54 


boron isotopes,” is introduced into 
central channels only The main 
tenance of power level and load 
transients Is performed by automatic 
regulators consisting of three rods; 
there are two such regulators, one 
No rods for manual 
Safety rods 

their number unspecified—drop in 


being reserve 
control are prov ided 
0.6 sec. Control material was not 
given 

The weight of atomic plant ex 
cluding shielding is 1,054 tons; 
shielding weight 1,965 tons; weight 
propulsion plant 2,750 tons; specific 
weight 68.5 kg hp 

Endurance at top speed is two to 
three vears as each core is designed 
for full capacity operation for about 
one vear The head must be pulled 
for fuel element changing but it is 
described as an eas\ job 

The reactors are to be loaded 
after the conference, final tests con 
ducted in October, and “in spring 
we hope it will start piloting ships” 
across the Arctic Sea 

A bold concept was put forward 
bv Emelvanov in his general talk on 
the Soviet program Speaking of 
deuterium and _ tritium fusion he 
said: “Modern engineering possi- 
bilities show that a reactor with 
energy emission density of millions 
of kilowatts per cubic meter of 
plasma is a real thing. This value 
is higher than that in any other 
power unit including nuclear re- 
actors and jet engines. Thus in 
principle it is possible to design 
deuterium-tritium reactors sufficiently 
compact and useful to be installed 
for instance, on ships " At a press 
briefing Emelvanov declined to 
place a timetable on this develop 
ment: “Such a reactor has not been 
built but solution of the problem 
appears likely.” 

Experience. 
Russians steadfastly refused to answer 
questions on were target completion 


Three subjects the 


dates for reactors, estimated costs 
and Soviet uranium reserves. One 
break on costs came when S. A 
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Design Data for Russian Fast Breeders 


Para 


Electric power kwie 
Core diameter (cm 
Core height (em 
Shield thickness (em 
Average thermal flux in cor¢ 
Average specific power kw 
Heat-transfer agent 
lotal Na flow rate (m?*/hr 
Average Na velocity in core 
Average Na output temperat 
Steam temperature C 
Steam pressure (kg/cm? 
Maximum neutron flux (n 
Breeding ratio 
Core volume fractions 
Sodium 
Fuel elements 
Structural materials 


BN-2 


250,000 





Skvortsov said cost per installed kilo 
watt for big 
plants is estimated to run 20-30 
higher than an equivalent conve: 
tional plant. The operating cost 
this plant was estimated at seven 
kopecks/kw [at the official fou 
rubles-per-dollar rate this is 17 
mills] whereas conventional power 
costs vary from five to twelve 
kopecks. 

In describing four years’ experi 
ence with their first atomic station 
the Russians mentioned four inci 
dents of fuel element damage: two 
cases of leaks in tubes feeding water 
to an element, one case of rupture 
of the outer shell on an experimen 
tal element being tested, and on 
case of operator error in permitting 
flow water to one element to drop 
below tolerance with consequent 
overheating and rupture of both 
inner and outer tubes. In the last 
case fission products penetrated the 
graphite brickwork lattice but the 
channel was washing and there was 
no damage to graphite. Contami 
nation was confined to reactor core 
did not even spread to water in 
loop, it was said. In all cases the 
warning systems were reported to 
have operated normally. 

Russians also reported in detail 
on their research reactors, describ 
ing seven types. 
three older ones to increase power 
and flux levels as well as construc 
tion of three new ones, was re 
counted. Under construction is a 
large intermediate neutron flux trap 
reactor to be completed next year 
The flux is 2.5-3 «x 10” and will be 


pressurized wate! 


Reconstruction of 
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the highest of any Russian research 


reactol 


Western Reactors 

By contrast with the Russian reve 
lations, western reactor papers and 
discussions furnished a treasuretrove 
of technical details but no massive 
disclosures Only two new majo! 
reactor projects: 
@ American Machine & Foundry 
iS a power reactor project again 


Cuba has scheduled a 22 Mw(e 


} 


boiling water power plant at Santa 
Lucia harbor in Pinar del Rio prov 
ince, west of Havana. The Cuban 
National Bank for Social Economic 
De velopment completed negotiations 
with the Anglo-American partnership 
Mitchell Engineering of London and 
AMF, with Zinn’s General Nuclear 
rhe plant 


is to operate in 1961 to serve thre 


Engineering as designer 


new industries in the area 

@ France's Atomic Energy Com 
mission announced construction of a 
new de velopmental power reactor 
EL-4—to test the heavy-water-mod 
erated, gas cooled concept 

Other highlights: 

® Official secrecy still shrouds the 
hoice at this writing of the SENN 
group in Italy—a choice due to be 
innounced “mid September”—but 
the grapevine here seems widely 
convinced that it will be a General 
Electric boiling water station. In a 
searching analysis of power costs for 
Southern Italy Corbin Allardice of 
the World Bank concluded that an 
atomic plant would be very close to 
if not exactly, competitive with oil 
fired. He considers the enriched 


water and natural-U, gas-cooled units 


proposed as essentially on equal 


boating with the forrer the best at 
11.1 mills and the latter 12 mills 
Othe encouraging cost news Came 
from Samuel Untermver of General 
Electric regarding the Vallecitos re 
actor He 
using fully enriched fuel at about 


estimates power cost 


35 mills at its present rating of 20 
Mwi(th) whereas calculations show 
that the present 3-ft high cor 
would yperate stably at 80 Mw and 
still higher outputs are possible with 
larger cores reactor can take cores 


up to 4 


tt). Despite experimen 


tal change s the plant has gene rated 
7.3-million kilowatt hours through 
September l; it is now testing a 
core of \-in. stainless tubes filled 
partially with enriched UO powder 
@ United States heavy water pro 
revealed to be 1,000 


Sir Leonard Owen de 
iat there has been no firm 


ision to convert later civil power 
stations to make military plutonium 
as had been widely understood He 
exp! iined that the U. K. Atomic En 
ergy Authority merely decided to 
install additional fuel charging and 


discharging capability to make that 
if it should subsequently 
appeal desirable 

@ In addition to Britain's AGR to 
be built at Windscale and HTGCR 
to be developed at Winfrith Heath 
see page 78) the | K. also has 
unde development a heavyv-water 


moderated, gas cooled reactor (com 


possil le 


parabl to France's aforementioned 
El ! as a he da AGR’s 
he ing disappointing Its attractive 


] 
ness wes il the promise ol low en 


igainst 


richment, no containment possible 


operation with natural | ind plu 
tonium recvcle Main emphasis in 
the study now is on engineering as 
pects Inne luding header design mod 
erator cooling and insulation from 
hot coolant gas, and heat transfer 
If a_ satisfactory design can be 
evolved the first commercial station 
might be commissioned late in the 


L960 s 


OTHER NEWS 


While the eyes of the nuclear 
world were on Geneva last 
month, news continued to be 
elsewhere. 
velopments are covered in a 
news section beginning on page 
152. 


made These de- 
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THE 


AND A 


eal OF YEARS OF EXPERIENCE 


SIX MONTH OSER SURVEY 


@ We surveyed multi-channel analyzer users to find 
they wanted in an analyzer. The results of 
combined with our years of research and 
manufacturing experience in the multi-channel ana- 
lyzer field, have enabled us to produce what we con- 
sider st analyzer on the market today—the 
ved RCL 256 

ustomers not only helped us develop the 
but also this ad—much of which is com- 
excerpts from our survey of current RCL 


t what 


§ survey, 


the fy 
npr 


(ur 


act’ 
7 


cd 


Typical Uses of the RCL 256* 


level gamma counting . 


nalysis . . 


. . fission product 
alpha pulse spectrometry .. . 
ym coefficient determinations . . . shield- 
isotope identification . Mesonic 
measurement . . . Na™ and K® spectra 
neutron time-of-flight studies 
ng coincidences between protons and elec- 
n decay . investigation of gamma-ray 
nvolved in proton capture ... two crystal 
incidence gamma-ray spectra experiments 
rystal pair production gamma-ray spectra 

aid infinitum 


an source 


uses of the RCL 256 are as numerous 

ir customers. The RCL 256 may be the 
wr radiation measurement problems, For 
tion write or call RCL collect. 


The Improved RCL 256 Gives You 


® Proven Reliability 

® Pre-set Time to 27 Hours 

® Fast Logarithmic Readout 

¢ A Completely Integrated System 

® 30 to 60 Day Delivery 

¢ Free Installation and Maintenance 





Complete Survey Results Now Available 


The RCL 256-Channel User survey containing 
users’ opinions, operating prob- 
lems, suggestions for improvements, etc. is avail- 
ible unedited. Find out what users think of the 
RCL 256-Channel Analyzer. Write RCL today 
for a free copy of the survey results. 


analyzer uses, 











Radiation 


Counter 


Laboratories, Inc. 


NUCLEONIC PARK, SKOKIE, ILLINOIS 
ORchard 3-8700 


— » 
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The improved 


on Ey ae 
CHANNEL ANALYZER 





RCLiac 128 
Available in 
November 


scientists who desire 

the ultimate in reliabil- 

ity, which transistoriza- 

tion provides, we recom- 

mend the RCLiac 128. 

This combination scaler-analyzer performs every operation 
from gross counting through scintillation-spectroscopy 
Numbers are presented on a cathode ray tube, making 
electro-mechanical printers unnecessary. Plug-in module 
construction precludes obsolescence. 


- = c ) 
Se So tal 


* 


To 





nondestructive testing 





300 KV 
RADIOGRAPHIC 
INSPECTION 
CABINET 











Bar-Ray Cabinets are designed and 
built, in power and size, to meet all 
types of radiographic inspection 
requirements. 





e The 300 KV unit shown is 14’ long x 4’ wide x 
10’ high and weighs approximately 20,000 lbs. 


e The 1500 lb. doors are motor operated and 
equipped with all safety controls. 


e Loading tables are moved into exposure posi- 
tion from both sides of cabinet. 


. Lead lined throughout to meet all safety Doors raised showing 300 KV tube, and 
requirements. loading table in position for exposure 
Complete detailed specifications on request 


SOLD THROUGH YOUR DEALER SEND FOR OUR LATEST CATALOG 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, INC. 


209-2S5th Street, Brooklyn 32,N.Y. Telephone: SOuth 88-1020 
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If it can’t be seen, but must 
... call in Kollmorgen 


Kollmorgen optical-mechanical viewing systems have 
been bridging the gap between the eye and the 
“invisible” for almost fifty years. Kollmorgen instru- 
ments range in size from small borescopes to sub- 
marine periscopes; range in type from nuclear and 
missile periscopes through precision camera lenses 
and alignment telescopes, to a variety of optical 
testing and measuring devices; range in quantity 
from one of a kind to production runs of thousands. 


So, if you have a gap to bridge, let us know its 
nature...is it water, heat, darkness, radioactivity 
or simply inaccessibility? We may well have the 
answer in our files. If not, we will endeavor to pro- 
vide one quickly. A rough sketch of your problem 
will be enough to get us started. Write Dept. 118 


OLLMORGEN 


Optical corporation 
NORTHAMPTON, MASS. 





Write for this 
free 40-page book 


HARSHAW 
SCINTILLATION 
PHOSPHORS 


Presents definitive article on characteris- 


2HORS 


SCINTILLATION PHOS! 


tics and properties of scintillation phos- 
phors with special emphasis on Nal(T1). 
A general discussion of scintillation 
counting is augmented with many 
appropriate tables, efficiency curves, 
and typical gamma ray spectra. Gives 
specifications and drawings of Harshaw 
mounted phosphors, and lists miscel- 
laneous other phosphors available from 
Harshaw. We will be pleased to send 
you a copy. 


Also available... Free 36-page book... 


HARSHAW 
SYNTHETIC OPTICAL 
CRYSTALS 


Discusses in detail various Harshaw crystals used for infra- 
red and ultra-violet optics. Includes many pertinent graphs. 
Ask for your copy today. 


Synthetic Optical atc 


THE HARSH AW 





74a THE HARSHAW CHEMICAL CO. 


HAW 
HARS 1945 EAST 97th STREET + CLEVELAND 6, OHIO 
CHICAGO ¢ CINCINNATI « CLEVELAND «+ DETROIT » HOUSTON « LOS ANGELES 
HASTINGS-ON-HUDSON, N.Y. © PHILADELPHIA + PITTSBURGH 
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atoms for peace...a reality 


act 


508 Kennedy Street N.W. Washington 11, D.C. 


With the completion of the world’s first privately 
owned heavy water research reactor, at the 
Massachusetts Institute of Technology, comes a new 
and powerful instrument to further man’s knowledge in 
the peacetime use of atomic energy. As prime 
contractor responsible for the complete engineering 
design and construction of this facility, ACF 
Industries, Incorporated is proud to join with MIT 

in this achievement. 


The MITR will operate at LOOOKW and produce 

fluxes in excess of 10'3n/cm?/sec. This inherently safe 
facility, located near the campus, includes a unique 
medical therapy room providing entirely new 
approaches to nuclear medica! research techniques — 
a full range of experimental! ports and thimbles - 
gamma irradiation room — chemistry hot 

labs — reactor control room — and equipment 

for servicing the reactor building. 


Other ACF nuclear projects include research and test 
reactors under construction in Italy, Holland, Sweden 
and the U.S. .. . and gas cooled and boiling water 
power reactors being designed for the U.S 

Atomic Energy Commission 


NUCLEAR PRODUCTS~-ERCO 


Division of GCF Industries Incorporated 





it Takes Hard Facing 
Specialists (not welders) 
To Apply (High, Super-Hard) 
Alloy Overlays That Combat Heat, 
Wear And Corrosion Problems 


(1 _ 


— 


The technique of applying super-hard, corrosion-resistant alloys to 
critical areas of ferrous metal parts requires a unique combination of 
skills and equipment. Far more than just a “welding job”, hard facing 
demands experienced know-how to assure optimum performance of 


the finished product. 


Cleveland Hard Facing, Inc. specializes in the application of these 
wear, corrosion and heat-resistant alloys and is equipped with the 
modern production methods and equipment to assure top quality, 
economical production. Equipped to handle the entire job from se- 
lection of the proper alloy to final finishing of the treated surface, 
Cleveland Hard Facing offers a dependable, low cost source for cus- 


tom hard faced parts that will meet your most exacting specifications. 


For complete information on the applications and advantages of hard 
faced parts and components, write for Cleveland Hard Facing's 
descriptive brochure. 


Application Specialists Of Wear, Corrosion And Heat Resistant Overlays 


CLEVELAND HARD FACING Inc. 


3407 STILLSON AVENUE * CLEVELAND 5, OHIO 
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serving the 
Nuclear Indu 


stries 





Vacuum Induction Furnaces 
Vacuum Arc Melting Furnaces 
and 

Vacuum Sintering Plants 

for Melting and Sintering 

of Reactor Metals. 


Reactor Metals 
Zirconium - Zirconium alloys 
Titanium + Tantalum 
Niobium etc. 


Reactor Structural Parts 
Zirconium + Zirconium alloys 
Tantalum - Aluminum 
Titanium 


High Vacuum Pumps, 
Pumping Speeds up to 36000 I/sec 


High Vacuum Gauges 
High Vacuum Components 


Helium Leak Detector 
Mass Spectrometer 


Evapor-lon Pump 

Oil-free High Vacuum 

down to 10-9 mm Hg. 

Ultra High Vacuum Gauges 
with Gauge Head Bayard - Alpert 
Ultra High Vacuum Components 
Valves and Metal Seals, 

Degassing by bake-out 


W.C.HERAEUS-GMBH-ABT.HOCHVAKUUM-HANAU 
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sure its big 


..- but not particularly big or unusual 
in Carlson’s production of stainless steel plate 


T was normal, but not easy, for Carlson specialists 
to handle this big plate. Type 304-L stainless, 
it measured 7\,"' x 18114" x 452%" and weighed an 
impressive 7923 pounds. And when this big one 
landed at the customer’s receiving dock it was 
exactly what he wanted . . . right by chemical com- 
position, right by physical standards, right to 
specification and right to size. 


Whatever you need in stainless steel —big plates, 
small rings, formed or cut-to-shape items —will be 


produced accurately and on time. Stainless steel is 
our only business, and we know it. That is why you 
can depend on Carlson to give you what you want 
when you want it! Your inquiry is invited. 


G.O,CNRLSON Jc 


138 Marshalton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


PLATES « PLATE PRODUCTS « HEADS « RINGS «+ CIRCLES + FLANGES + FORGINGS + BARS AND SHEETS (No. 1 Finish) 





L\U|M|M)U)S 


ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 


385 Madison Avenue 


New York 17, N. Y. 





LUMMUS COMPLETES IN-PILE TEST LOOP 
FOR KNOLLS ATOMIC POWER LABORATORY 





Engineering Development Center Handling Procurement, 
Construction and Off-site Operation of Test Loop 


The Lummus Company Engineering Development Center, 
under a subcontract from Knolls Atomic Laboratory, has 
completed the procurement, construction, and off-site oper- 
ation of a test loop to be used for irradiation testing by the 
Knolls Atomic Power Laboratory 

Lummus simulated the confinements of the area assigned 
to the facility. All out-of-pile equipment was erected, 
although the in-pile test section was simulated 

The facility consists essentially of 
heat exchange system and demineralizing equipment 
Reactor fuel samples are inserted in the in-pile test section 
for study under controlled conditions of temperature, pres- 
sure and radiation. 

Extreme care has been exercised during fabrication and 
erection because of the severe operating conditions encoun- 
tered and the cleanliness required in all equipment subject 
to radioactivity. 

The off-site testing consists of checking the functions of 
all process and control equipment, instrumentation systems, 
safety interlocks and alarms. 


a pressurized water 


Pressurizer, main flow control 
valve, loop block valves. 


Test Loop Control Panel. 


After completion of the test 
the equipment was dismantle« 
The dismantling was handled 
re-assembly at the operating 
the services of an engineer to 
program. 

The facilities of The Lu 
Development Center in Newai 


unusual projects of this nature 


headroom, materials 
facilities, and utilities are all a\ 
technical, maintenance, and 
skilled in design, fabrication 
and small scale 
write for our illustrated brocl 
neering Development Cente 


process equip 


THE LumMus Company, 385 
ié. N. , & Houston, ( hicago \ 
London, Paris, The Hague, ¢ 

ing Development Center, Nev 


handling 


yperation in early July, 1958 
1 and shipped to Idaho Falls 

i manner which facilitated 
Site and Lummus provided 


coordinate this phase of the 


ymus Company Engineering 
k, N. J. are uniquely suited to 
Hoor 
equipment, transportation 
uilable at the Center. Lummus 


The necessary space, 


operating personnel are all 
ind operation of pilot plants 
ment. For more information 
ure No. 106, on the “Engi- 
Madison Avenue, New York 
Vashington, D. C., Montreal, 
Ma acaibo I 
vark, N. J. 


iracas nyineect 


a: y - 


' ~~ 


Loop pump 


volutes prepared with special 


cover plates for hydrostatic testing. 
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General Electric lon Chambers Operate at 300C, 
Allow Wider Range of Operation in Nuclear Reactors 


@ Also meet rigid military specifications for vibration 
and shock 


BECAUSE G-E ion chambers have ceramic and mica 
insulation coupled with aluminum-to-ceramic ter- 
minal seals, they can be operated at temperatures as 
high as 300C thus allowing more versatile application 
and a wider range of operation in nuclear reactors. 


ALREADY PERFORMANCE-PROVED in reactors oper- 
ated by the U.S. Government and various industrial 
concerns, G-E ion chambers are used to measure flux 
and gamma levels. 


YOU CAN SAVE VALUABLE ENGINEERING TIME— 
and get the right instrument for your needs by choos- 
ing from this line of radiation detectors available from 
General Electric’s Instrument Dept. Included are: 
radiation-resistant neutron proportional counters, 
fission counters, and gamma sensitive ion chambers. 


PLAN NOW to install General Electric’s top-quality, 
high-performance ion chambers. For necessary in 
formation fill out the coupon below. 


GENERAL @@ ELECTRIC 
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BULLETIN AVAILABLE 


Section 8B 585-65 
General Electric Co. 
Schenectady, N. Y. 


Please send me Bulletin GEA-6631 describing G-E ion chambers. 
NAME 

COMPANY 

STREET 


city 





Precision formed Inconel 
Heat Exchanger plus detailed 
view of bends. 








Precision welding Welded 
tube joints 


Photograph of G-R's brazing 
furnace facilities 


Griscom-Russell’s 
precision welding and brazing facilities 
provide better products 


80 years of research and experience, plus the _ tion, contact Griscom-Russell for the best answer. 
latest equipment, make Griscom-Russell the best |f you have a problem in fabrication—a prob- 
choice for the design or fabrication of nuclear or jem that involves perfect and exact welding 
other close-tolerance heat exchange equipment. and brazing—contact Griscom-Russell for the 


If you have a problem of design that needs asolu- equipment and the ability. 2m 308 


interested? Write today for your copy of Griscom- 
Russell's new brochure that shows the products and 
equipment of our precision manufacturing department. 


PRECISION 


_Griscom-fussell : 


OR PORATIO 


THE GRISCOM-RUSSELL COMPANY 
MASSILLON, OHIO 


A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 
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The 100-ton Foster Wheeler reactor vessel, with its two “‘haives"’ welded together, almost dwarfs the 
huge horizontal boring mill which is being used to bore stud holes in the flange 


Foster Wheeler fabricates a 


O-TON REACTOR VESSEL 


for land prototype of Navy’s first 
NUCLEAR-POWERED SURFACE SHIP 





yew huge pressure vessel—one of 


the largest nuclear components 


ever built — was designed and fabri- 
cated by Foster Wheeler for the pro- 
totype of the nuclear propulsion plant 
for the Navy’s first nuclear-powered 
surface ship. This prototype plant is 
being constructed at the U. S. Atomic 
Energy Commission’s Naval Reactors 
Facility, Idaho Falls, Idaho. The work 
was done under subcontract to the 
Bettis Atomic Power Division of 
Westinghouse Electric Corporation 
which is responsible for the design 
and development of the nuclear pro- 
pulsion plant for the prototype un- 
der the direction of and in technical 
cooperation with the Naval Reactors 
Branch, U. S. Atomic Energy Com- 
The pressure vessel, one of 
two to be used in the prototype, will 
house a reactor core or “furnace” 
where the nuclear reaction or fission 


mission 


process takes place. 


The shell was hot formed on the 
8,000-ton beam press from thick 
manganese-molybdenum alloy steel to 
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which stainless clad was bonded. The 
flange, machined from one of the larg- 
est one-piece forgings ever made to 
this alloy specification, was clad with 
stainless steel deposited by a new 
automatic process developed by 
Foster Wheeler. The vessel was fab- 
ricated in two shell sections, one in- 
cluding the flange and the other, the 
lower head. The completed sections 
were welded together just before the 
final machining operations. 


All seams were welded by a special 
submerged arc process developed by 
Foster Wheeler, and all critical welds 
were inspected by radiography. This 
was done with a 2,000,000 volt X-ray 
generator which is capable of pene- 
trating 12 inches of solid steel. 

Foster Wheeler also designed and 


built the stainless steel thermal 
shields which stand vertically inside 


Bending the thick steei plate on the 8,000-ton 
beam press 


Automatic weld cladding machine bonds stain- 
less steel! to the flange surface 


Flange and first section of vessel, ready for twin 
wire submerged arc welding of circular seams. 


the vessel; the vessel supports, and 
the insulation retainer assembly. 


This giant reactor vessel is an ex- 
cellent example of Foster Wheeler's 
ability to fabricate large, high-pres- 
sure cylinders and weldments to the 
most exacting specifications required 
by industry. 

Foster Wheeler Corporation 
666 Fifth Avenue, New York 19, N_Y. 


FOSTER @ WHEELER 


NEW YORK * LONDON * 


PARIS + 


ST, CATHARINES, ONT. 





Photo courtesy Atomics Internationa 


THIS SODIUM-COOLED REACTOR 
IS CHARTING THE WAY TO 


ECONOMIC NUCLEAR POWER 


One of the most promising routes to economic nuclear power 
— via a sodium-cooled, graphite-moderated reactor — is being 
explored in the Sodium Reactor Experiment (SRE) at Santa Susana, 
California, by Atomics International for the A.E.C. 


For more than a year, SRE has 
supplied heat to generate elec- 
tricity for a commercial grid on 
an experimental basis. Designed 
for 20,000 thermal kilowatts, the 
reactor produced 21,000 kilowatts 
of heat in its most recently re- 
ported power run. However, SRE’s 
principal output is design, con- 
struction and operating data for 
building full-scale nuclear power 
plants. 

Key to the economic signifi- 
cance of the sodium-graphite re- 
actor is its high thermal efficiency 
— approaching that of conven- 
tional steam power plants. So- 
dium’s high boiling point makes 
this possible by permitting high- 
temperature operation at low 
pressure. At full power, liquid 
sodium now leaves the SRE re- 
actor at 945° F and 3 psig to 
generate steam at 825° F and 600 


42 


psi through heat exchange. More- 
over, a new reactor core will be 
installed to raise sodium tempera- 
tures substantially, and increase 
efficiency. 

Liquid sodium has these other 
basic advantages as a reactor cool- 
ant: low neutron absorption, high 
heat-transfer efficiency, extreme 
thermal stability, ease of pump- 
ing, freedom from corrosion ‘in 
the absence of impurities. 

For further information on 
sodium, write for our brochure, 
“Handling Metallic Sodium on a 
Plant Scale.” And call on us for 
technical service if you have spe- 
cific problems. 








FIVE OTHER 
SODIUM-COOLED REACTORS 


Experimental Breeder Reactor-! 
(EBR-1) NRTS, Arco, Idaho — fost 
breeder, sodium-potassium cooled 
— 15,000 KW (operational) 


PRDC Fost Power Reactor, Monroe, 
Mich.— fast breeder — 100,000 KW 
(under construction) 


Consumers Public Power District, 
Hallam, Neb.— graphite moderated 
— 75,000 KW (design stage) 


Experimental Breeder Reactor-2 
(EBR-2) NRTS, Arco, idaho — fast 
breeder—20,000 KW (design stage) 


Chugach Electric Association, An 
chorage, Alaska—heavy water mod 
erated — 10,000 KW (development 
stage) 





USTRIAL CHEMICALS CO. 
Division of National Distillers ond Chemical Corp. 
99 Park Ave., New York 16, N. Y. 

Branches in principal cities 
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you con A@eT 


the difference in the 
CRL system 


The “sense of feel’, the versatility, the uncompromising 
workmanship . . . all are found in every CRL Manipulator. 
Research and production organizations all over the world 
are using these units for handling radioactive materials, ex- 
plosives, and hazardous chemical and biological materials. 
Natural motions of the operator’s hands are copied exactly 
at the slave end. The “sense of feel’’ helps the new operator 
to become perfectly competent with practically no train- 
ing period. Handles are adjustable to comfortably fit a wide 
range of hand sizes. 


CRL 
Model 4 
for over-wall 

installation 

A general purpose 
manipulator for 
installation over a 
barrier wall or through 
a ceiling opening of 

a protective 

enclosure. 





CRL 
Model 7 


for restricted space 
installation 

A space conserving, 
light weight 
manipulator for use in 
hoods or over thin 
walls where minimum 
clearances and easy 

_ portability are 
important factors. 


CRL Model 8 central research manipulators 


- ® » 4 Ne - ti N 
for thru-wall installation PoE Sages Keres Seberang Cale 


A general purpose manipulator for 
installations requiring intermed- 
iate to high level shielding, the 
Model 8 features write today for complete information to: 
@ Accurate “sense of touch” Low 


friction forces . . . low back- 
lash . . . low inertia 

Greater versatility A variety of 
tools, tongs and locking motions 


available 

Ae laboratories, inc. 
Easier sight control Operator 

need not step back to brin Red Wing, Minnesota 
materials to barrier window Dest. 102 

Ease of relocation Can be with- 

drawn and moved by one man 

in five minutes with a light crane 
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Cranes and hoists For moving 
heavy loads in hot cell areas 
by remote control. They are 
specially designed by CRL for 
use with CRL manipulators, 


Flexible booting Protects slave 
end from dust and contamina- 
tion. Restricted gas-flow seal 
possible. Won't interfere with 
manipulator’s natural move- 
ments. 


Special-p tongs For repe- 
titive or highly ialized 
operations. Wide selection of 
types to meet all requirements. 


accessories 
for master-slave 
mantpulators 


Load hook Available for CRL 
Model 8; may be remotely at- 
tached or removed. Permits a 
vertical lift of 60 Ibs. 


Motion locks Permit objects to 
be rigidly positioned in space. 
Locking grip standard on all 
models. Locks for all other mo- 
tions available as accessories. 




















STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


I’ve been asked whether non-aeronautical engi- 
neers have good prospects for advancement in 
the aviation industry. 

The answer is yes, definitely! At Douglas many 
of our top supervisory people have moved up from 
other engineering specialties. The complexity of 
modern aircraft and missiles requires the greatest 
variety of engineering skills known to industry. 

For example, we now have pressing needs for 


mechanical, structural, electrical and electronics 
engineers in addition to aerodynamicists, physi- 
cists and mathematicians. Whatever your back- 
ground in the engineering profession may be, 
there are prime opportunities in the stimulating 
aircraft and missiles field. 
Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box L-620 
Santa Monica, California 
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EXTRUSION « CASTING * FORGING « FABRICATION 


<CURME'EK" 


For Superior Resistance to IMPACT Stresses 


IMPACT STRENGTH OF STAINLESS STEEL EFFECT OF TEMPERATURE ON IMPACT STRENGTH 
FORMED BY VARIOUS METHODS PRECIPITATION HARDENING STEEL 








= 


wm hy 


+++ 
CuRmeT 
EXTRUDED 


o 
b 














cuRMET PIERCED FORGED CENTRIFUGALLY 400 
ExTRUBED eorto CA TESTING TEMPERATURE — °F 
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Impact strengths (Charpy) at 300° F. below zero Impact resistance of strength-at-high-temperature 
Curmet extruded Grade 304 stainless steel shows steels (A-286 in this case) is substantially greater 
strength from 13°% to 120% higher than the same when Curmet processed. The Curmet extrusion 
alloy processed by other methods. Improvement in tests consistently 10 ft.-lbs. better than the usual 
impact strength is consistent up to 1200° F wrought product 





Curmet Processing Adds 
to Alloy Performance 


MECHANICAL PROPERTIES OF CHROME-MOLY STEEL 


Room Temperature - Transverse Owecton 








This is one of many out- 
standing achievements in met- 
als from the Curmet plants 
and laboratories. As the fron- 
tiers of metallurgy advance 
under the pressure of more 
critical operating conditions, 
Curmet processing utilizes 
skills and knowledge, based 
creatively on wide experience 
with high performance metals, 
pemeoe aah wanes to give added integrity to 


Yeo 
STRENGTH STRENGTH OF AREA STRENGTH new alloys. 


DD specication BRE curme exrevoeo 
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———E 


900 
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FT -.8s 





STRENGTIN ru 


CHARPY IMPACT STRENGTH 


ELONGATION 




















“Above specification” characterizes the physical properties of all 
Curmet products. But impact strength is particularly noteworthy— 
more than 100% over specification—as shown by these test results 
on heat treated Grade P-22 steel. 


FOR FULL INFORMATION, WRITE TO: 


METALS PROCESSING DIVISION CURTISS-WRIGHT CORPORATION 
760 Northland Avenue Buffalo 15, New York 
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COrOCeK EG $4 DOLE WOES PEDDLE 


SELON 


Want to keep politics clean? 


DON'T PASS THE BUCK- 


give a buck to the party of your choice! 


I’m a machinist. | have a wife and three kids. We own 
our own house. I’m not leaving politics up to anybody. I’ve 
got too much at stake. That’s why I’m giving to my political 
party. I know that money talks. And my money talks my 
way. That’s how I'm making sure the right person first gets 
nominated and then gets elected. I think my dollar is as 
important as my vote. That’s why I'm contributing. That’s 
why I think everybody should. 
Register 
Inform yourself 


When your authorized party representative knocks 
at your door... GIVE a dollar or more! 








Nuclear-Chicago offers complete new 
nucleonic laboratory instrumentation 


More than two years’ research went into the 33 a// 
new instruments that have been added to the Nuclear- 
Chicago line now offered to the small or large nucleonic 
research laboratory. Among these high-quality ad- 


vance-design instruments are many completely 


auromatic counting systems. 

Whether you are just starting a modest radioisotope 
laboratory or expanding present facilities, call on 
Nuclear-Chicago. For complete details on the new 


Nuclear-Chicago line, write for our new Catalog “Q”’. 


S$ Model 2612P Portable Survey Meter con- 





Mode! DSS-3P Scintillation Detector 
with exposed 2” x 2” sodium iodide 
crystal and 18 Model 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


Mode! OSS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer" 
circuit and 2B Model 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 





tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


Model 2586 “Cutie Pie" features inter- 
changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 








Model 1838 Count-O-Matic Binary 


Scaler, 3B Model C1108 Automatic 4A Model 3054 Manual Sample Changer with Model DSS Mode! 1620A-S Analytical Count Rate 
Sample Changer with Model 047 Gas Scintillation Detector which features interchangeable Meter offers a wide choice of full scale 
Fiow Counter, and 3C Model C111B aipha, beta, or gamma sensitive crystals connected to ranges, four time constants, wide range 
Printing Timer for completely auto- Nuclear-Chicago's finest scaler, the 4B Model 192A high voltage supply. It is shown with a 
matic changing, counting, and record- Ultrascaler. Model 192A features decade scale of 10,000, Mode! D34 thin window G-M tube and 
ing of as many as 35 soft beta emitting one millivolt sensitivity, and precision automatic P11 probe for continuous monitoring or 


radioactive samples. circuitry. 


analytical radioactivity determinations. 
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Speedomax® H recorders 
concentrate flux and 
power level data 


UP FRONT 


for operators of ORR 


On March 21 the Oak Ridge 
Research Reactor went critical 
under controls centered al this 
console. Photo courtesy of Oak 
Ridge National Laboratory. 
Operated by Union Carbide Cor- 
poration for the United States 
Atomic Energy Commission. 





For the new high-flux research reactor at Oak Ridge, an instrumentation 
system was specified that would present accurate, easy-to-evaluate records 
during all phases of operation. Clear, precise traces of changes in eleven 
important variables, including log count rate, log N, log N period, and 
safety systems, had to be directly before the operator. 

Leeds and Northrup Speedomax H recorders were selected to record 
these measurements because they offered the efficient panel compactness, 
fast balancing speed (5 seconds full-scale) and accuracy (+ .5% of range 
span*) demanded by the system. Since Speedomax H recorders are only 
11” wide, eleven instruments could be mounted where the operator sees 
their records at a glance. Two additional Speedomax H recorders provide 
supplementary information. 

The ORR, which will be used principally for studies of nuclear radiation 
effects on reactor materials, is still another in the growing list of nuclear 
installations using recorders and low level amplifiers supplied by Leeds 
and Northrup. Information on L&N nuclear instrumentation is given in 
Folder N46-03-268(1). Write to our nearest L&N field office, or to the 
Leeds & Northrup Company, 4936 Stenton Avenue, Philadelphia 44, Pa. 


*Speedomax H recorders are now engineered lo an accuracy of + .3% of range span, 
and a 1-second balancing speed 


LEEDS iN NORTHRUP 


lnstruments tT Automatic Controls « Furnoces 
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CENTRIFUGAL 
CASTINGS MEET 
NUCLEAR 


ESCO Spuncast®, a centrifugal casting process 
for making symmetrical, tubular parts, is espe- 
cially adapted to the manufacture of nuclear 
stator shells, piping and scram rods, for atomic 
power installations. 

The Stator shell (illustrated), used to make 
or hermetically sealed pump motor 
housings, is a 1,300-lb. Spuncast casting. The 
“built-in hole” saves countless hours of machin- 


“canned” 
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ing time as well as substantial savings in waste 
metal 

Cast to rigid specifications (MIL-S-18262, 
Class 1, 100% dye penetrant and radiograph in- 
spected to ASTM E71 class 2, standard), these 
stator shells are typical of the exacting metal- 
lurgical jobs handled economically every day at 
ESCO. The Spuncast process is only one of sev- 
eral processes available at ESCO. 
Call your nearest ESCO representative today for 
details. Ask for your free copy of ‘‘How to Cut 
Costs With ESCO Spuncast’’, a 12-page brochure, 
or write direct. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2165 N. W. 25TH AVE. « PORTLAND 10, OREGON 
MFG. PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL. 
Offices in Most Principal Cities 
ESCO INTERNATIONAL, NEW YORK, N. Y. 

IN CANADA ESCO LIMITED 





ATOMS FOR PEACE*GENEVA 10958 
||||| The “Presentation Set” given to official delegates 
||| at Geneva by the U.S.A. 


| JUST PUBLISHED by Addison-Wesley 


PROJECT SHERWOOD—THE U.S. PROGRAM IN CONTROLLED FUSION 
By Amasa S. Bishop, U.S. Atomic Energy Commission 

The first detailed account of ‘‘ Project Sherwood ””—the search for means of harnessing the energy of thermonuclear reactions 
Written for the thoughtful layman as well as for scientists and engineers, this book parallels the historic “Smytl ; 
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| 
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} 
| 
} 
| 
| 
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Report.” 
228 pp, 53 illus, $5.75 
U.S. RESEARCH REACTOR OPERATION AND USE 
Edited by Joel W. Chastain, Jr., Battelle Memorial Institute 

Describes the basic types of research reactors, and the uses for which each is best suited; ; 
tive, legal and cost problems 
RADIATION BIOLOGY AND MEDICINE: Selected Reviews in the Life Sciences 
Edited by Walter D. Claus, U.S. Atomic Energy Commission 

More than 50 distinguished authors review advances in the uses and effects of nucle: 
agriculture. Among the topics covered are radioisotopes in medicine and agricultur 
mathematical biology 


URANIUM ORE PROCESSING 
Edited by J. W. Clegg and D. D. Foley, Battelle Memorial Institute 

For the first time in book form, a condensed but essentially complete descript 
from its ores. 


THORIUM PRODUCTION TECHNOLOGY 

By F. L. Cuthbert, National Lead Company of Ohio 
Contains virtually all of the information currently available on thorium prod 

follows the natural production flow from minerals in the ground to the fabr 


SOLID FUEL REACTORS 
By J. R. Dietrich and W. H. Zinn, General Nuclear Engineering Corporat 

Reviews the basic concepts, present state of development, and technica! and econ 
nuclear power reactor types; fast-neutron power breeders, heavy-water reactors, gas~-c 
cooled reactors, and a thermal reactor for recycling plutonium 


PHYSICAL METALLURGY OF URANIUM 
By A. N. Holden, General Electric Company, Vallecitos Atomic Laboratory 

A comprehensive and unified treatm which places emphasis upon interpretation in 
mechanisms, and relates the metallurgical behavior of uranium to that of other metals. 


BOILING WATER REACTORS 
By Andrew W. Kramer, Editor, Atomics, and formerly Editor, Power Engineering 

This valuable reference work on the history and technology of boiling water reactors includes detailed descript 
Experimental Boiling Water Reactor (EBWR), the Vallecitos reactor, and the various BORAX experiments 
$92 pp, 292 illus, 195 
FLUID FUEL REACTORS wis 
Edited by J. A. Lane and H. G. MacPherson, Oak Ridge National Laborat wy, and Frank Maslan Brookhaven 

Laboratory 

A thorough treatment of three basic types of fluid fuel reactors; aqueous homogeneou fused salt systems, and 

metal fuel reactors. 1008 pn. 228 ii 


pp, 338 illus, 195 


THE TRANSURANIUM ELEMENTS 

By Glenn T. Seaborg, University of California 
This book provides a complete summary of the chemical and nuclear properties of the known synthetic transuranium el 

as well as the prospects for future elements €.354 PP, 73 


SODIUM GRAPHITE REACTORS 
By Chauncey Starr and R. W. Dickinson, Atomics International 
A unified and coherent presentation of sodium graphite reactor technology. While emphasis has been pls 
and development of the Sodium Reactor Experiment (SRE), the authors have wherever possible included information applicable 
to sodium graphite systems and, in many cases, to reactor design in general. 3 P, llus, 1958—$6.s0 


THE SHIPPINGPORT PRESSURIZED WATER REACTOR 
Written by personnel of the Naval Reactor Branch, Division of Reactor Development, U.S. Atomic Energy 
Westinghouse Electric Corp., Bettis Plant; and Duquesne Light Company 
A complete account of the first large-scale central station nuclear power plant to be built and operated in the v 
sphere, written by the scientists and engineers who designed, developed, constructed, and tested the plant 
c. 600 pp, 163 ilh 


Special price for complete set of 12 volumes—$84.00 
These prepublication prices good only until December 1, 1958 


ADDISON-WESLEY PUSLISHING COMPANY, INC. 
ator. Tel lale maT t-t-y-ledalll-t-\ 11 Oe 
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the GAMMACKE LL 220 


exceeding ] 000 ,000 


ROENTGENS PER HOUR 


Deliver millions of roentgens — safely 
and quickly — to your products and pro- 
cesses with the uniform radiation field 
provided in the Gammacell 220. Do it 

in your own laboratory — a specially 
shielded room is not required. 


Completely self-contained and virtually 

free of maintenance, a simple connection 

to an electrical outlet places the powerful 
gamma radiation from kilocuries of 

cobalt 60 at your disposal. The 220 

cubic inch chamber, equipped with 

access tubes, permits irradiation not 

only of solids but also of liquids and gases 

under stationary or flow conditions. Heating 

and sensing elements can also be accommodated. 
A built-in timer assures automatic termination of a 


preset irradiation period at any time, day or night. 
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Editorial 
Advisory Group: 


D. |. Blokhintsev 
J. V. Dunworth 

D. J. Hughes 

1. |. Novikev 

F. Perrin 

A. M. Weinberg 


Progress in Nuclear Energy 


The International Review Series 
in Atomic Energy. 





EDITED PROCEEDINGS OF THE 


SECOND INTERNATIONAL 
CONFERENCE ON THE PEACEFUL USES OF 
ATOMIC ENERGY, GENEVA, 


SEPTEMBER 1958 


PERGAMON PRESS is pleased to an 
nounce that the Board of Editors of 
Progress in Nuclear Energy, the In- 
ternational Review Series in Atomic 
Energy, have made arrangements to 
publish the Edited Proceedings of 
the Second International Conference 
on the Peaceful Uses of Atomic 
Energy in twelve separate volumes, 
similar to those edited by them and 
published by Pergamon Press on the 
First International Conference on the 
Peaceful Uses of Atomic Energy held 
in Geneva in 1955. 


All volumes will be published and dis- 
tributed between December 1958 and 
April 1959. In order fo ensure receipt 
of copies immediately upon publication, 
please place your order now. 


Customers who have already a 
standing order for the Progress in 
Nuclear Energy Series wil! automati- 
cally receive the appropriate volumes 


Pre-publication price valid until 
October Ist, 1958. 


Single Volumes $12.50 
Complete set of 12 volumes $140.00 


Price after October Ist, 1958 


Single volumes $15.00 
Complete set of 12 volumes $180.00 





Title of Volume Series No. 
Physics and Mathematics ! 


Editors and Lecation 
. J. Hughes, Brookhaven 
E. Sanders, Horwell 
Horowitz, Sacloy 
L. Franklin, Risley 
1. Spinrad, Argonne 
R. Bruce, Ook Ridge 
M. Fletcher, Harwell 
H. Hyman, Argonne 
Hurst, Dounreay 
N. Lyon, Ook Ridge 
M. Finniston, Harwell 
P. Howe, Canoga Park, California 
Bugher, Rockefeller Foundation 
Coursaget, Soclay 
F. Loutit, MRC, Horwell 
Bugher, Rockefeller Foundation 
Coursaget, Saclay 
F. Lovtit, MRC, Harwell 
A. Lane, Ook Ridge 
W. Mummery, Harwell 
1. R. Maxwell, London 
Philip Sporn, New York 
Analytical Chemi Editors being appointed 
Law and Administration Herbert $. Marks, Washington, D. C 
Plasma Physics and J. L. Tuck, Los Alamos 
Th lear ® h C. Longmire, Los Alamos 
W. 8B. Thompson, Harwell! 
Karl Z. Morgan, Ook Ridge 
W. G. Marley, Harwell 


Reactors 


Process Chemistry 


Technology and Engineering 
Metallurgy and Fuels 


Biological Sciences 


Medical Sciences 


Economics of Nuclear Power 


ett te et tole tol eb ae) 





Health Physics 


Some of the topics to be covered in these Edited Proceedings: 


The Future of Nuclear Power—Experience with Nuclear Power Plants 
—The Use of Nuclear Energy for purposes other than the generation of 
electricity (for example, Marine Propulsion)}—The possibility of de 
veloping thermonuclear Power (by fusion instead of fission}—Progress 
in the use of Radioactive Isotopes—Operational aspects in Health and 
Safety—Aspects in Nuclear Power Programmes—Recent Developments 
in Fundamental Physics—Reactor Technology and Chemistry—Proper- 
ties of Reactor Materials—Treatment and handling of Radioactive 
Wastes—Processing of Irradiated Fuel Elements—Problems in Nuclear 
Fusion—Fuel Cycles and Economics of Nuclear Power—Use of Re- 
search and Test Reactors and Reactor Experiments—Dosimetry and 
Standards—New Uses of Isotopes in Medicine—Use of Isotopes in 
Biochemistry and Physiology—Use of Isotopes in Research, Control and 
Industrial Technology—Use of Isotopes in Agriculture—Experience in 
Radiological Protection—Biological Effects of Radiation—Fabrication of 
Fuel Elements including the Metallurgy of Uranium, Thorium, Plutonium 
and their Alloys 


An 8-page brochure, describing in full detail the Edited Proceedings, is 
supplied free, on request. Please write to:— 


PERGAMON PRESS 


NEW YORK 
122 East 55th Street, New York 22,N.Y. 4 & 5 Fitzroy Square, London W.!. P.O. Box 47715, Los Angeles, Calif. 
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WE W HIGH VOLTAGE NPN 
TRANSISTORS ALLOW 

TUBE REPLACEMENT AND 
CIRCUIT COMPATIBILITY 


GT's new high voltage germanium alloyed junction transistors now allow the same 
optimization as formerly could be realized only with vacuum tubes. These character- 
istics plus conventional “transistor” advantages offer new design opportunities in 
computers, magnetic memory cores, data processing equipment, gas filled indicator 
tubes and other applications where reduction of space, weight and high reliability 
are prime requisites 








The GT 1200 is particularly suited to drive gas filled display tubes, such as the 
Burroughs Nixie ® and Pixie ®, without changing existing circuitry other than alter- 
ing voltages so as not to exceed the rating of the transistor 





GT1200— 


Collector to Base Voltage le = 25 uA 90 Volts Min. 
(Emitter Open) 
Emitter to Base Voltage lk = 25 uA 20 Volts Min. 
(Collector Open) 
Collector to Emitter Voitage k = 25 uA 90 Volts Min. 
(Punch Through) 
Supplied in TO-9 case 





GT 1201 — GT 1202, in addition to driving gas filled display tubes, are ideally suited 
for driving high inductance loads, driving transformer coupled loads and allow more 
nearly perfect impedance matching. These transistors are fast devices capable of 
handling high impedance loads and large signal swings. 


GT 1201 GT 1202 


Collector to Base Voltage le = 25 uA 75 Volts Min. | 45 Volts Min. 
(Emitter Open) 

Emitter to Base Voltage kj = 25 wA 20 Volts Min. | 20 Volts Min. 
(Collector Open) 

Collector to Emitter Voltage} |. = 25 uA 75 Volts Min. | 20 Volts Min. 
(Punch Through) 

















Supplied in TO-9 case 











Write today for Bulletin GT 1200 


GENERAL TRANSISTOR 


Cc ©) R P °o R A T Oo N 


91-27 136TH PLACE JAMAICA 35. NEW YORK 


N CANADA DESSER £-E LTO 441 ST. FRANCIS KAVIER, MONTREAL |, QUEBEC FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED 


TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP O1.27 198TH PLACE, JAMAICA 38 NEW YORK. FOR EXPORT: GENERAL TRANSISTOR 


INTERNATIONAL CORF 1.27 t98TH PLACE JAMAICA 35 NEW YORK en 
S 
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Special Solar Skills 
for Advanced Systems 


HIGH-TEMP. HONEYCOMB. Solite®—a 
lightweight, heat-resistant brazed steel, high 
alloy sandwich structure developed by Solar— 
has high potential for use in advanced systems. 


largest array of expansion joints in the world, 
including complete ducting systems for air- 
craft, missile, nuclear and other applications. 


PROTECTIVE COATINGS. Solar research 
and development in advanced metallurgy has 
produced a family of high-temperature protec- 
tive coatings far ahead in the field, 


Pm 
3 
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HIGH-TEMP. BRAZING. Using hard-to- 
work metals and high-temperature alloys, Solar 
brazes stronger, lighter systems components in 
specially designed heat-treating furnaces. 


Solar offers proven systems capabilities 


Systems capabilities at Solar embrace 
the design, development and pro- 
duction of airframe, propulsion, 
ground support, guidance and 
control systems. Responsibility for 
Solar’s systems program is centered 
in a team of experts experienced in 
the many sciences related to systems 
technology—from basic design to 


highly-precise experimental, proto- 
52 


type and volume production. And 
underlying Solar’s systems capabili- 
ties is a backlog of more than thirty 
years of proven leadership in high- 
temperature metallurgy, aerody- 
namics, thermodynamics, combus- 
tion research and others. 
Complete manufacturing and test 
facilities are also available for your 
important systems program. For 


detailed information about Solar’s 
systems capabilities, or about any 
of the areas mentioned above, write 
to Dept. F-62, Solar Aircraft Com- 
pany, San Diego 12, California. 





SOLAR 


AIRCRAFT COMPANY 


SAN DIEGO 
OLS MOES 
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ASCO SOLENOID VALVE CONTROLS PRESSURE SURGES 


For further information, request “ASCO Valves 
for Nuclear Reactors” and Catalog No. 202. 


ASCO — the only solenoid valve manufacturer in the industry with complete 
nuclear energy test facilities including a hot test loop — now offers a family of 
solenoid valves designed specifically fer atomic energy applications. 

The Spray-Valve shown in the cutaway above was developed especially to 
control pressure surges in the water cooled pressurized reactor. All stainless 
steel with stellite seats and discs, this unit has demonstrated reliability and 
maintenance-free operation under tests which duplicated the most strenuous 
operating conditions. 

This packless type (hermetically sealed) solenoid valve is capable of large 
volume flow at low pressure differentials, handles pressures of 2500 p.s.i., at 
675°F. Normally closed (closed when de-energized), it is supplied in 1”, 14" 
and 2” sizes. 

ASCO Spray Valves are in use at Shippingport Atomic Power Station, and aboard 
nuclear submarines powered with water cooled reactors. Reliable and maintenance- 
free, ASCO 2, 3 and 4-way valves are specified for primary and secondary systems 
of nuclear reactors, as well as for instrumentation control. 





Automatic Switch Co. 


52M Hanover Road, Florham Park, New Jersey 
FRontier 74600 





Typical ASCO Solenoid Valves for submarines, military and commercial surface ships, and industrial power plants: 


Primary System Secondary System 


Isolating 
(Stop) Valve 





Instrumentation Control! 








in 1952 Pioneer joined with other groups, all report- 
ing to the Atomic Energy Commission, for constant 
study of atomic energy application. Today Pioneer 
is qualified as a consultant to industry in the 
application of atomic reactor systems to the gener- 


Organized as Centrai Utilities Atomic Power Asso- 
ciates, these utilities will share in the research and 
development costs: Northern States Power Co., 
Central Electric and Gas Co., Interstate Power Co.., 
lowa Power and Light Co., lowa Southern Utilities 


ation of electric power. Presently, Pioneer is acting 
as architect-engineer and supervisor of construc- 
tion of the 66,000 kw commercial atomic power 
plant shown here. Allis-Chalmers Mfg. Co. is the 
prime contractor. Scheduled for 1962 completion, 
the plant, for the Northern States Power Co., will 
be known as the “Pathfinder”. 


Co., Madison Gas and Electric Co., Mississippi Val- 
ley Public Service Co., Northwestern Public Serv- 
ice Co., Ottertail Power Co., St. Joseph Light and 
Power Co., Wisconsin Public Service Corp. PIONEER 
SERVICE & ENGINEERING CO., 231 South La Salle 
Street, Chicago, Illinois. 


ATOMIC 
PROGRESS 


Pioneer Service 


On your letterhead, write 
for 40-page booklet, ‘Pioneering 
New Horizons in Power’’. 
Describes, illustrates Pioneer's 
engineering services, and 
corporate services, from 
financing to operation. 


& Engineering Go. 


231 South La Sallie Street, 
Chicago, lilinois 


Sketch of “‘Pathfinder’’ 
commercial atomic power plant 


September, 1958 - NUCLEONICS 





wee ZIRCONIUM 


available now...in quantity! 


New Oregon Plant Assures 
immediate Delivery of High-Purity Sponge 


A reliable source f 
that will give y 
A large scale pf 
now ready to fill all y 
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WAH CHANG 
CORPORATION 


WOOLWORTH BUILDING, NEW YORK 7, N.Y 





110" synchro-cyciotron for the acceleration of protons to 
150 MeV and of deuterons to 80 MeV. (Photo by courtesy 
of “Laboratoire de Physique Nuciéaire de la Faculté des 
Sciences de Paris") 


PHILIPS quinn jo 


Nuclear Physics and Atomic Energy ee 


accelerators 


Generators for 


This synchro-cyclotron has been put into operation very high d.c. voltages 
recently. During the testing period it operated at Dine ananeinel 

160 MeV and produced a proton current of over accelerators 

5A. Philips engineers are now installing a beam Reactor control 
extracting mechanism, together with focussing and mstruneMneaten 
deflecting magnets for the external beam. Similar Radiation measuring 


F Tale, 


machines can be supplied for various energy ranges. detection equipment 


Civil defence 
instruments 


Area monitoring 
instrumentation 
jeiger Counter tubes 


PI otomultipliers 


Nuclear Equipment pied 


For further information please apply to one of the following addresses 


N.V. PHILIPS’ GLOEILAMPENFABRIEKEN, Scientific Equipment Department, Eindhoven-Holiand 
RESEARCH & CONTROL INSTRUMENTS LTD., instrument House, 2¢/7/215, King's Cross Road, London WC 1 
PHILIPS ELECTRONICS INC., Instruments Division, 750, South Fulton Avenue, Mount Vernon, N.Y. U.S.A, 
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INGENUITY 


has made KE the experienced 
leader in nuclear projects 


The Engineering Test Reactor, Hanford Production 
Reactors, Aircraft Nuclear Propulsion Testing Facilities 
—these represent some of the nuclear energy 

projects performed by Kaiser Engineers. In each case, 
KE ingenuity produced efficient, lower cost facilities. 


KE's Nuclear Engineering Division has the highly 
specialized skills and experience required to undertake 
Engineering Test Reactor, National Reactor . : 
Testing Station, idaho. Designed and built complete design and construction of nuclear research, 
- edu ! P : : . 
OF ee ee production or power generating facilities. Cali KE for 


planning or building your nuclear project. 


K ED a - 
\Zavomerre §=KAISER ENGINEERS °SitSiicanceies” 


Division of Henry J. Kaiser Company - Oakiangd 12, California - New York, Pittsburgh, Washington, D. C., 
Buenos Aires, Caicutta, Ousseidorf, Montreal, Rio de Janeiro, Sydney, Tokyo 
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exacting requirements 
ma ray analysis... 


Gamma ray spectrum analysis — from high energy 
industrial “tags” to the lowest level biological 
tracers — is more accurate when done with the pre- 
cision TMC Model PA-2A Amplisorter. The Model 
PA-2A combines an extremely fast, accurate single- 
channel pulse height analyzer with a non-overloading 
linear amplifier in a single compact unit. The 
PA-2A offers many design and performance ad- 
vantages for precision gamma counting. Here are 
a few: 


ANALYZER 


Fast — counts pulses only 0.5 us. apart ... Accurate 
—discerns pulse differences as small as 0.5 volts 
using a Bell-Francis x10 window amplifier .. . 
Stable — maintains 1% window width stability in 
a 1 volt window over long periods . . . Dependable — 
quality components used throughout, including six 
E180F type 10,000 hour premium tubes which do 
not require pair matching. 

Differential/Integral switch provides two counting 
modes — differential for “window” counting, in- 
tegral for counting all pulses above the baseline 
(useful in setting up experiments or testing instru- 
ment). Spectra can be plotted in the differential 
mode by adjusting the 0-100 volt variable baseline 
control to the lower limit of a 0-5 volt wide window 
and counting all pulses within the window. 


AMPLIFIER 


Wide Band — Dynamic Range of 5,000 to 1 means 
accurate counting of low level pulses in the pres- 
ence of a large, high energy background; and 
counting of pulses 5,000 times greater than corre- 
sponding maximum output without pulse stretching 
. . » Non-Overloading — amplifier has special high 
: level output stage designed to be ultra-linear up to 
100 volts and limit sharply at 120 volts to prevent 
THE TMC Model PA-2A4 overloading following a alb ... Ultra-linear, 
AMPLISORTER Fast Rise —0.1% for output up to 100 volts; 0.15 
us. rise time, 10%-90%; gain of 8000. 
Clipping time selector switch provides a choice of 
0.5, 1, 2, 5, 10, 20 us. R.C. clipping, or 1.0 us. delay 
line. Internal adjustment also permits choice of long 
or short (2 us.) R.C. clip at the input. 
Price $1000 f.0.b. New Haven 
Both the Analyzer and the Amplifier are available 
as separate units: Model AL-4A Linear Amplifier, 
Model PA-1A Single-channel Analyzer. 
Complete details of the PA-2A Amplisorter or 
related TMC scalers, ratemeters and detectors are 
available on request. 


TECHNICAL MEASUREMENT CORPORATION 


140 STATE STREET, NEW HAVEN, CONNECTICUT 
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TRIGA Mark Il is the above-ground version of General Atomic’s proven, 
inherently-safe, 10-30 kilowatt TRIGA reactor. It provides complete facilities 
for training, research and isotope production, including rotary irradiation 
rack, beam ports, thermal column, central thimble and pneumatic tube. 


trigqa markau 


SAN DIEGO 12, CALIFORNIA 
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NAVY’S NEW ATOMIC DEPTH BOMB 
ANSWERS THREAT OF ENEMY SUBS 


THE NEWS THAT “BETTY” is now an operational weapon completes another 
chapter in the story of the Navy’s great contributions to the defense of our 
country. And we are proud that the Navy Bureau of Ordnance and the Naval 
Ordnance Laboratory, White Oak, Silver Spring, Maryland, developers of this 
significant weapon, called upon the facilities of AMF for the production of 
“Betty”. This is another demonstration of the fact that, when it comes to 
the tough jobs, AMF has experience you can use. 


ih AMERICAN MACHINE & FOUNDRY COMPANY 


261 Madison Avenue, New York 16, N. Y. 
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Geneva 1958 


NUCLEONICS Special Report: The Second United Nations Interna- 


tional Conference on the Peaceful Uses of Atomic Energy, held in Geneva 
this month, resulted in an unprecedented outpouring of nuclear information 
—44 countries submitted about 2,300 papers, 650 of which were presented 


orally, on all aspects of nuclear energy. 


Because secrecy is virtually nonexistent in peaceful applications—at least 
in the Western world—this second conference saw no major release of in- 
formation that had been classified previously, as had been the case at the 
1955 event. Despite this, there was considerable interest in the material 
that was presented by 13 countries on controlled thermonuclear power, a 
subject that was not covered in 1955, and on world experience with power 
reactors. 


As it did in 1955, NUCLEONICS again devotes an entire issue to a report 
on Geneva. The following pages are based on a pre-Geneva reading of the 
Conference papers. Some key Russian papers were unavailable when this 
material was assembled. However, the Russian program and the entire Con- 
ference are covered in the on-the-spot report on pgs. 17—28. 
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WORLD NUCLEAR 
PROGRAMS 


first 


1955, 


When 72 nations met at th 
Geneva Conference in September 
they were able to do little more than 
raise the question: When will nuclear 
fission take its place alongside coal, oil 
natural gas and falling water as a 
basic source of energy for the genera- 
tion of electricity? This month, the 
question was answered at Geneva 

®In the United Kingdom, Japan and 
most of Western Europe the present 
costs of electricity are high enough, the 


foreseeable demand large enough, o1 


4 


the political pressure great enough to 


dictate an immediate start on reactor 
construction and the scheduling of sub- 
onstruction programs through 
the de e 1960-70. Nuclear heat 
source of elec- 


1970 


stantial « 


will be an uaportant 


tricity in these countries by 
® In the United States, West Germany 


Canada and Russia—all technologically 


advanced nations—the availability of 


fossil fuels or unexploited hydroelectric 
sites will permit postponement of large 


onstruction programs while a broad 


elopmental effort is made to pin- 


nt the most economic reactor con- 


Nuclear Power Economics 


No nuclear power station now under 
construction is expected to produces 
competitive electricity: that is, elec- 
tricity as cheap or cheaper, from a 
straight commercial standpoint, than 
that produced by a comparable con- 
ventional facility. 
after paper submitted to the ¢ 


However, paper 
onfer- 
ence states categorically that competi- 
tive stations will be operating within 
a decade in some areas of the world 
In consensus, the papers reflect a uni- 
versal assumption that the nuclear- 
cost moving downward, and 


the 
upward, will cross by early 


curve, 


conventional cost curve, moving 


1965 in 
several areas of the world where elec- 
tricity 
By late in the decade, it is also as- 


consumption is substantial. 





* Italicized numbers are official 
Geneva Conference  desig- 
nations; see p. 145 for list of 
those references in this report. 








the world’s utility 


companies will be building only nuclear 


sumed, many of 
stations for base-load operation 
Speaking for the U. S. (107¢ W 
Kenneth and U. M. Staebler 
predicted: ‘It is our considered judg- 
that 


Davis 


ment within two or three vears 


in eral areas abroad, and within 
four or five years in several areas of the 
final 


can be initiated of reactor plants which 


U. § design and construction 
confide ntl can be expected to be eco- 
their 


Such reactors would then be in norma! 


nor over useful lifetimes 


eration, having passed through an 


il shakedown period, by about 


1964 abroad and by about 1966 in the 
| Ss In a few special cases economi- 


cal reactors may be started even a 
year or two sooner.”’ 

J. C. Duekworth 
Jones of the U. K., 
the 


first competitive stations in 


and E. Hywel 
indicating agree- 
ment with 
that the 
that 


1965 


U. S. view, reported 


country will be completed in 
1446) 


ductions 


Further capital-cost re- 


they added, should take 


heat is 


“source 


cepts n areas, nucieal 
not expect to DAs 
status 
®In n { if not all 


lack of demand for 


“AsSsurie 


electricity until 1970—S0 
other areas ol 


the world i elec- 


tricity technological 


insufficient 


capabilit Will not permit serious con- 


sideration struction 
countries 


ntend to 


program ) Ol : ost 
in this 
keep themse ol reactor 


tec hno OF 


power and 


so they will have the man 


know-how to proceed when 
nuclear ower Decomes feasible 264).* 


} 


; 
eu! STS 


nu 
ventiol 

Japan estimates that a Calder-Hall 
type reactor going into operation there 
in 1965 would be competitive, assuming 


an increase in the cost of oi! during the 
next se I irs: by 7 Tl i 
this concept 


oil-hired 


tors of 
than 


it 1958 


would be per 


any station operatu 


prices (Jo18 


Reducing Costs 


Competitive nuclear px 
pected to flow 


® Reductions in capital 


Irom 
costs through 
ind 
plants and extension of plant lifetime 
® Reductions in fuel 


the construction of more larger 


through 


costs 


cheaper fabrication increases in 


specific power, thermal efficiency and 
fuel burn-up 
® Reductions in 


fuel recycling 


generation costs as 


and improvements in 


fuel reprocessing raise the value of 
plutonium 
The most dramatic capital-cost re- 


ductions are envisaged in the U. K. 
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There, 


drop from 


costs per kw are expected to 
£145 for the 300 Mw/(e) 
plant now under con- 
struction to £75 for the 1,600 Mw/(e) 
stations scheduled for completion 1967 


Hunterston 


70. Assuming no decrease in fuel ex- 
pense between the operation dates of 
these two plants, the drop in generation 
cost is expected to be from about 0.6 
pence per unit to about 0.48 pence per 
unit, the cheapest coal-fired electricity 
being 0.53 pence per unit. 

Whil 


ductions are made unhesitatingly, the 


estimates of capital-cost re- 
extent of fuel-cost reductions has been 
accepted as an area of too much un- 
certainty to permit accurate forecasts; 
indeed, cost increases, rather than de- 
were seen as a possibility for 


CTCASCS, 


gas-cooled reactors as they go to 
larger sizes and higher temperatures. 
Nevertheless builders 
are banking on research and develop- 
work to reduce the cost of fuel 


for reactors in operation by showing the 


many reactor 


ment 


way to successive core improvements. 
This aspect of nuclear power economics 
was underscored by Davis and Staebler: 

“There is an unfortunate inclination 
to compare nuclear power plants with 











conventional power plants on the basis 
of costs at the start of 
Actually the decisions should be made 


operation. 


by comparing over-all economics of 
alternative plants over their entire esti- 
life or at 
portion of it. 


least a sub- 
stantial This, 
dentally, applies as well to comparisons 
of the nuclear 


plants 


mated useful 


inci- 
relative costs of two 
the potential for improvement 
over the useful life will be of great sig- 
nificance in these determinations. 

“Tn any plant built 
today it can be anticipated that the 


conventional 


cost of fuel will increase over the life 
of the station. 
the other hand, one may expect sub- 
fuel fuel- 


In a nuclear plant, on 


stantial reductions in and 


cy cle costs.” 
Water Storage 


Accepted as the base-load 
reactors have 


power 
stations of the future, 
also come under consideration for peak- 
load duty in conjunction with water- 
storage sites. 

U. K. and Swedish studies of this 
combination have been prompted by 
the possibility that reactors may be 
restricted to base-load operation unless 


National Reactor Programs 


date and in the first power-reactor de- 
D,O has been accepted as the 


Canada 


With an abundance of fossil fuels and 
water Canada foresees no de- 
mand for nuclear power until it can be 
produced for less than 6 mills/kwh 
183). Pressurized heavy water (as 
moderator coolant) natural 
uranium have been employed in the 
reactors built to 


power 


and and 


large research 
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two 


sign. 
most efficient coolant up to now 
(Canada is the world’s foremost advo- 
cate of D.O) but because of its high 
($62/kg) the 
recently been looking at organic 
chemicals (207, 210), notably diphenyl 
and terphenyl. 

The most significant reactor advance 


cost Canadians have 


schemes of this type are developed 
(134, 1445). At this stage in reactor 
technology it is believed that the high 
capital costs of nuclear plants require 
their operation at load factors >75%. 

Salt or fresh water pumped to a 
storage site during the base-load opera- 
tion of a reactor would be available to 
meet peak requirements. 

“The output from these two sources 
of power should, at the combined load 
factor, provide power at a unit cost of 
production less than is possible any 
M. Kay 


(1448). 


other way,” according to J. 
and A, A. Fulton of the U. K. 


Heat Reactors 


Reactors have been under study in 
both the U. S. and Western Europe as 
a source of industrial heat, but far less 
has been done in this field than in the 
field of nuclear power (2342). Recent 
U.8. work (2163) points to current cost 
levels for nuclear heat in the range 
70-80 cents/10® Btu. This price is 
felt to be at the competitive threshold 
in the U. S. market and competitive 
already in a world market estimated to 
be the equivalent of 30,000 Mw of ther- 
mal capacity over the next decade. 


since 1955 has been the introduction 
of pressure tubes to replace the pressure 
shell (183). 
an indefinitely long life for such a 
station thick 
metal are involved and any piece of 
pressure equipment may be replaced 
readily. Moreover, 
vious limit to reactor size; only ‘‘ con- 
fidence founded on experience” is 
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It is possible to envisage 


because no masses of 


there is no ob- 





needed to generate a million kilowatts 
of electricity from one reactor 


France 


Faced with a power deficit equal to 


40% of energy consumption (now met 
by imports of oil, etc.), France 


rushed with 


has 


ahead a combined con- 


struction-experimental program calling 
for the 


one new 


1963 


commissioning of 
reactor every 18 months 
(1131). All will be natural U 
moderated, 


until 
graphite- 
gas-cooled, and each is 
expected to be larger and more eff 
than its Franes 


decided 


predecessor. 
it must 
“crash” program because of the serious 


proceed vitl i 


monetary burden of fuel imports and 
Middle E 
oil, which makes up a larger 
Defending the 


Pierre 


the uneasy security of 


its imports. 
approach, France’s 
asserted: 

utter 
practice 


“Such haste is in 
to normal industrial 


opposition 
applied 
in perfecting successive prototypes; but 
at the same time it is justified by our 
legitimate concern as regards supplies 
of energy and by the importance 
[atomic energy] to industry 

Over the next few years, the Fren 
gas reactor is expected to reach at 
least 250 Mw(e) in output. By 
1965, French industry will be in a 
position to embark upon a large-scale 
program of multi-reactor 
tions. The French 
will then be reviewed to take a 
of the need for a 
by industry 
nuclear equipment 
developments in new areas of 


power sta- 


energy picture 
count 


smooth transition 


from conventiona to 
production and 


energy 


supply (solar power, etc.) 


West Germany 


It was not until 1955 that systemati 
work on nuclear research and develop- 
ment became possible “in Germany 
(1806). 
is restricted to 
(‘we do not consider this a disadvan- 


Furthermore, nuclear activity 
peaceful utilization 
tage—neither at the moment nor in 
the long run”). Despite this late 
start, West Germany has operating 
building, on” order, or planned for 

next year eight 
reactors and 4-5 power reactors. A 
pilot D.O plant has been completed 
under 


order by research 


and two others are study 
Finally, West Germany has proposed 
the construction of an 


test reactor ‘‘as soon as possible”’ as a 


engineering 


Euratom project within Germany 
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Nuclear power cannot compete with 


conventional power now but, with 
mounting fossil fuel imports and sky- 
rocketing energy demand, it will play 
1965 on. To 
prepare for this situation, five 
of 100 Mw(e 
ordered from abroad or built at 
1965: gas-cooled 


| dof -C OC yled 


light-water; 


an important role from 
reactors 
will be 
} 


nome 


capacity each 


ior operation by 


graphite-moderated; and 


mode rated: gas-cooled 
high-temperature, pebble-bed; and or- 
During this same 


build 


ganic-moderated. 


period, Germany two or 


may 

three reactors of foreign design without 
tside participation. 

This experimental program has to 


onsidered only as a careful be- 


the German paper said 


not-too-distant future how 


certainly will be followed by 


more extensive and less tenta 


t program which will provide us 


both with cheap power from nuclear 


fission and with strong sources of 


radiation for a wide range of useful 


industrial applications of different 


kinds 
Italy 


In June 


nomin ited 


World Bank 
and Japan as the 


likely to 


power at an early 


1956, the 
Italy 
countries most attain com- 
ive nuclear 
The Bank’s subsequent 


arrangement with Italy to co-sponsor 


petit 
date 156. +). 
an international competitive bidding 
for construction of a 150 
Italy 


barren 


program 
Mw( 
SI NN) 


fuel resources 


southern 
Italy’s 


ever-increasing 


reactor in 
pointed up 
but 
power requirements. 
The SENN project is 
expected to give Italy 900 Mw(e) of 
1965: SENN; 
Klettronucleare Italiana 5 


one of five 
nuclear capacity by 
135- 
Mw, pressurized-water reactor; Agip 
Nucleare 100-Mw PWR; Societa Ital- 
ina Meridionale Energia Atomica 

200-Mw Calder-Hall type; and Societa 
ticerche Impianti Nucleari—two 150- 
Mw plants not yet The 
SENN project is attracting worldwide 


pocieta 


selected. 


ittention because of its calculated 
rt to compare reactors now avail- 


ble on the world market. 


Japan 


Japan estimates it will add 29,300 
Mw of electrical capacity to its econ- 
1976—7,000 Mw in 
1318). To achieve this goal, 


Japan has worked out a 17-vear, 


omy by nuclear 
output 


two- 


phase 
1. Through 


program ol construction: 
the first half of the 
period commercial stations will be of 
the Calder Hall type (900-1,200 Mw 
total rhe first stations will rely 
imported components, but 
90% of 


heavily on 
by 1967 at least component 


needs will be met at home. Construc- 
tion of commercial reactors fueled with 
enriched U will be postponed pending 
further technological development of 
this concept; during the waiting period, 


Mw(e 


light-water demonstration reactor and 


Japan will import a 10-15 


its own development pro- 
enri hed-l 


60's it will begin 


proceed wit! 
gram in technology In 
the lat construction 
esti- 
both 


1975, 


of enriched { reactors at a pace 


mated jualize capacity ol 


natural d enriched reactors by 


monstration program will 


two breeder experiments 


i thermal breeder 
both to be built by 


CMe h 
and a eeder 


Japanese technicians. Japan plans to 


ommercial-size breeder in 
by 1970 [100 Mw(« 

Japan has elected to proceed with 
the Ca to the 


exclusion 


put its first 
operation 
ler Hall concept virtual 
enriched-U_ reactors—be- 
effective operation 
Calder Hall 
adapt ibility to the 


cause of . the 
record nt the power 
plant and 2. its ‘ 
through its 


Japanese ircumstances 


home manufacture and 


The 
will be directed 


relative eas\ 
effort on 


first, to 


acquisition ol fuel,’ 
this cor ept 
“accelerating the manufacture of simi- 
lar reactors (to the British 


techniques 


design 
with native then to 


looking for a way to achieve plutonium 


recycling. Eventually, Japan expects 
to re ch Pu 


build its 


produced in its own 


reactors and own breeders 


Estimated foreign currency 
from the 


are $75-$107-million 


savings 
expected program outlined 

[Fron Tokyo, NUCLEONICS has learned 
that since the writing of the paper out- 
lining this program, Japan has under- 
taken a 
to the Ca 


July 
Netherlands 


The first nuclear station [100 Mw(e)] 
will probably be ordered “shortly” for 
operation in 1962. Thereafter, 
should be accelerated to 

capacity of 400 Mw by 
3,000 Mw by 1975. Total 
installed station capacity of all types 
by then would be 8,650 Mw (2435). 
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e-evaluation of its commitment 
der Hall-ty pe reactor Vi 


8, 17).) 


con- 
struction 
provide a 
1965 and 





Sweden 


rhis country has all of the “‘classic”’ 


factors underlying an ambitious reac- 


tor-construction program: the need to 


heck a rapid growth of oil imports, 


domestic deposits of U, and an 


scientific and engineering 


4 The adopted pro- 
through 1965 and includes 
f 75-100 Mw(th) 


and 


runs 
for dis- 
100 
natural U, 
Under study 


one reactor of 
ower; all are 
d D,O designs. 
itural-U, gas-cooled con- 
using D.O moderators, the 
: graphite. Foreseeable nu- 
for district heating purposes 
d at 30 reactors of 30-60 
60-120 Mw and 3-4 at 
Mw (all thermal); 
120 Mw/(th) 


needed for paper mills 


1%) 


in the 60 


dustrial heat consumers. 
ntends to make electricity 
ts district heating reactors 
turbines. 
R 3) to be 
will produce 15 Mw(e) 


back-pressure 
eating facility 


; it will be a pressurized 


1 with zircalov-canned 


This 
coupled with low-temperatures of Swe- 
250 


an edge on reaching competitiveness. 


United Kingdom 


world 


natural U oxide. dual use, 


den’s heat reactors (140 C), gives 


The acknowledged leader in 
terms of reactor capacity programmed 
is the U. K.: 1,375 Mw(e) 
construction 5-6,000 
completion 


capacity ol 
is under and 
projected lor 
All are based on the 


graphite-mod- 


Mw(e) are 
by 1966 (1446). 
natural U, gas-cooled 
technology proved out by 


The U. K 


manpower and 


erated 
Calder Hall. 


to commit 


has refused 
significant 
financial resources to any other reactor 
concept except fast breeding, and this 
long-rangt 


effort is on a develop- 


ment schedule. The first experimental 


breeder reactor (Dounreay) is expected 
to go into operation In 1959: direction 
of the breeder effort beyond Dounreay 
will depend on what it shows and on 
the effort to 


recvele Pu the 


results of simultaneous 


produced — by gas 
reactors. 
The U. K. 
study of a 
D.O as 


is also conducting its first 


gas-cooled reactor using 


moderator; the advantages 


would include ease of maintenance (no 


Nuclear Fuel Supply 


aspect of the three-year 
insofar as 
is this: it 
riod of major discovery for 
either uranium or (1921). 
1948 and 1955, U had been 
in total der (for all that could be 
by the U. S. and the U. K, 


Che procurement policies of these two 


Geneva-'55 

s concerned 
was not a pt 
thorium 
Be tween 
rand 
produced 
brought and 


ountries exploration 


velopment to a high pitch and re- 
1 in rapid expansion of production. 
consequence, the current and near- 
both 
ween met from reserves discovered 
1956 and the markets to support 
yet 


requirements of countries 


have not 
the 


shows, 


idditional exploration 
reactor 
the 


broaden consider- 


loped However, as 


program report above 


market for U will 
ibly in the 1960’s and Th may come 


wider commercial use later in 
vce 
reserves fall into two broad eco- 
categories: high-grade deposits 
which U oxide (U 30s) 


| sold for $10/lb or less; 


can be 


ered an 
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and low-grade ores requiring prices 


3-6 times higher for economic recov- 
The leading producers of high- 
grade South 
Africa (developed reserves U, Os esti- 
mated at 400,000 tons each), the U.S. 
(220,000) 100,000). 
Including these and the known reserves 
of Australia, the 

others 


ery. 


ores are Canada and 


and France (50 


Belgian 
total 


Congo, 
Portugal and reserves 
under development in non-Communist 
countries are near 1,500,000 tons / oxide. 

While the period 1955-58 has been a 
relatively slack one for discovery of 
new deposits, it has been a period of 
tremendous growth in U production. 
At end-1955, total production of non- 
countries stood at an 
11,500 U Os. 


Today the rate is 35,000 tons and 


Communist 
annual rate of tons 
in a year it should reach 42,000 tons. 

For the next 10 
that 
U,Oxsshould supply world requirements. 
With the availability 
material the prospect of having to turn 


15 years it appears 


a price in the range $8-$10/Ib 


of this low “cost 


to high-cost sources (uraniferous shale 


pressure vessel needed) and avoidance 
of the 
problems of graphite. 


and oxidation 


Construction of 


stored energy 


a reactor experiment or prototype will 


turn on the study now underway (262). 


United States 
The U. 
technological effort and considers itself 


S. has the world’s broadest 


best able, in the long-run, to contribute 
to the world effort ‘“‘to make energy 
really (1076). Broadly, the 
reactor concepts being explored fall 
those 
attainment of eco- 


cheap”’ 
into two groups: 1. which give 
promise of early 
nomic power in high-cost areas—pres- 
surized water, boiling water, organic- 
those 


expected to produce much lower costs 


cooled and gas-cooled; and 2. 
or permit wider application of nuclear 
fast 
thermal breeder and others. 

The U. 


marked by a division on the issue of 


power breeder, homoge neous, 


S. program continues to be 


substantially increased government 
support for construction of commercial- 
Reactor projects s« hed- 
1964, each of 


which has some industry participation 


type stations. 
uled for completion by 


(three entirely privately-supported), 
total 1,300 Mw(e) (2161). 


and phosphate) seems much farther in 
the future than it did a few years ago. 
However, the low-grade deposits, if 
they are needed, are sufficient to assure 


adequate supply for many generations. 


Thorium 


Known reserves of Th are about half 
those of U (862) 500,000 
tons of Tho, are believed to be eco- 


and some 


nomically recoverable. The major por- 
tion of these is in the beach placer sands 
the Blind 
districts of 


of India and River and 
Bancroft U the 
rest lies in placer and vein deposits in 
Australia, Brazil, Madagascar, South 
Asia and the U. 8. 


A major development since Geneva- 


Canada; 


Africa, southeast 


55 has been the discovery of Th in 
association with the Blind River and 
Bancroft U deposits—about one part 
ThO, is available for two parts U Os 
Moreover, approximately 85% of the 
ThO, is dissolved during the processing 
of U and is readily available for inex- 
pensive recovery after extraction of U 
by ion exchange. 
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FUSION 


Thermonuclear power, which was only alluded to at 
the 1955 Geneva Conference (in Homi Bhabha’s opening 
speech), came into its own at Geneva-1958, where it 
was by all counts the center of attention and occupied 


six full sessions. Those sessions revealed that man 


still has much to learn about the fully ionized state of 


matter. All the national programs (see descriptions in 


this section) are plagued by problems of plasma 
instability, impurities from walls and the like No 
nation has even produced thermonuclear neutrons with 
certainty, much less reached the temperatures (100,- 
000,000° in the case of the DD reaction) at which 
inevitable radiation losses can be matched by fusion 


power produced, 


U. S. Leads in Diversity of Approach 


The U. 8. controlled-fusion research 
program encompasses four major and 
two minor experimental directions 
Achievements have been impressive 
(some of the highlights are detailed on 
following pages) but much more re- quired to heat 
mains to bedone. At Geneva, Edward _ place 
Teller summarized (2410) where the 
program stands with respect to its of the present 


Oak Ridge’s DCX 


FIG. 1. DCX includes 600-kev accelerator that propels molecular 
deuterium ions into special carbon-arc discharge (see inset) where 
many of them are dissociated, forming 300-kev atomic ions that 
can be trapped in magnetic bottle and eventually produce hot 
plasma 
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ultimate goal: the heating of a mass of 
deuterium gas to temperatures of about 
100,000,000° K and its confinement for 
periods of time sufficient to permit ex- 


traction of more energy than was re- 


With regard to temperatures: most As to confinement times 


devices have reached 


“‘temperatures”’ of few million degrees. 
> 10,000,000" K in the 
followed by the 
stellarator and the pinch devices. 
Direct 


The record is 


mirror machine (377) 


comparison isn't fair—the 
gas in the first pinch devices operate at densities that 
are a factor of ten or a hundred higher.) 
here the 


criterion is more complicated: for 


Livermore’s Pyrotron 


FIG. 2. Pyrotron, or mirror machine, uses axial magnetic field 
that is stronger at ends than in center to form a two-necked 
“magnetic bottle." Plasma can be injected through these necks 
ond then adiabatically compressed and heated by increasing 
magnetic field strength 
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“state cevices one wants essen- 
infinite confinement; for pulsed 

ne wants the product. of 
ent time 7 (in sec) by 
‘) to be of 
10'® for the DD reaction. 
~ 10" and 
10-* see, 
': for the Livermore 

10% andr ~ 10-4, 


Thus we are a 


lensityv nm (in em 


ismnas have nn 


times ol 


U. S. Fusion Program 


highlights of Project Sher- 


were revealed in Geneva 


Oak Ridge—DCX 


\ ‘ pecial kind of carbon-are 

he heart of Oak Ridge's 
which is pri- 
First 
in 1955 and kept 


experiment 


ection method 
S. Lues 
#0), the are has two 
rties a It readily dis 
ns that pass through 
ite without gas feed in 
0 mm and lower In 
isan ion pump as used 
pumping speed of 4,000 
h is the most effective 
hamber 
energies of tens to 
olt and require an 
1 for stable operation 
have been drawn at 


The ares are still only 


Princeton’s Stellarator 


FIG. 3. 


photograph of model developed for Geneva exhibit. 
designed to overcome drift of ions to the walls; similar effect can 
be achieved with special windings on a simple torus 


FIG, 4 
devices 
induce rotation of the entire plasma. 


Ixion (A), Homopolar (B) and Triax (C) are new pinch 
First two use crossed electric and magnetic fields to 
Triax is designed to 


least 10° from the goal. 


Speaking loosely, then, we are closer 


factor of at 
to achieving the necessary tempera- 
tures than the necessary confinement 
Actually 


basic problem in any case 


confinement is the 
for if the 


confinement problem were solved one 


times. 


could take time with the heating proc- 
accomplish it in 
As it is, 
been 


ess and probably 
whatever way was necessary 
confinement has 


only partial 


partly understood, but their efficacy is at- 
tested by results with DCX 
The Oak 


ment (344) 


Ridge thermonuclear 


involves the injection of 600-kev 


experi- 


de uterium molecular ions into a magnetic- 


mirror’’ region in which is located a Luce 


discharge (Fig. 1 The 300-kev atomik 


ions produced by dissociation are trapped 


in a closed circular orbit near the central 


plane of the machine, while the resultant 
neutral atoms and the remaining undissoci- 
ated beam leave the macliine at once. Since 


X is 10 107? mm 


organized 


the initial vacuum in D¢ 
the trapped beam remains highly 

each deuteron loses very little energy be- 
fore being lost by charge exchange with a 
rtinent cross sections 


neutral gas atom (| 


are 2 X 107'* em? for charge exchange and 


107'* em 


for energy loss 


tion 18 
high ~4 x 10 em that 
each hot 


However, the ionizatior oO SOC 
sufficiently 
about 20 neutrals are ionized by 
ion in the trapped beam before it is neutral 


ized and leaves the. syster If the rate of 


ionization of neutral gas inside the plasma 


can be made greater than the rate at which 


Stellarator's figure-eight geometry is obvious in this 


Shape is 


X\ Magnetic field 
\ A 


> 
Insulator C7 aid 


discs a 


explore stability properties of sheet-like plasmas (8) 


Vol. 16, No. 9 - September, 1958 


Inner stectrete\ — 


achieved and success in achieving 
higher temperatures depends in good 
part on the elimination of instabilities 
such as plague thermonuclear devices 
the world around. No one can say for 


sure if sufficient stability can be 
achieved by any of the present Sher- 
wood devices—but the very diversity 
of the U.S. 


this can in 


program adds hope that 
fact 
proach if not by another. 


be done by one ap- 


neutrals enter, ‘‘ burnout”’ will take place 


the neutral density will decrease rapidly 


and, with increased current, the ion density 
will rise until the plasma is totally ionized 
For a spherical plasma of radius equal to 
that of 300-kev ions in a 10-kilogauss field 
burnout occurs at 80 ma (atomic ion cur- 
rent) for 10~* mm background pressure and 
at 0.8 ma for 10~* mm pressure 

charge 


Once burnout has been achieved 


exchange will no longer be the dominant 


mechanism and energy will be shared with 


colder ions and electrons by means of 


Coulomb and, finally, neutron-producing 


nuclear collisions. The neutron production 
should be substantial: for 1 ma of dissociated 
deuterons entering into a spherical plasma 
volume of the size specified above, the ion 
~10'* ‘cm and the total 


density would be 


neutron yield ~10!*/sec—which would be 
unmistakable evidence of the formation of 
a hot thermonuclear plasma 

The Oak Ridge 


to achieving burnout 


¢ 


group seems to be very 


close trapped ring 


and 


with a background pressure of 5 X 1077 and 


measured, 


currents of 4 amp have been 


New Pinch Devices 





Electrode Outer conductor 
iy 





——— | ~ B ET 


teak» 





Current 
\ 








‘Direction of plasma rotation 


Homopolar 





a 40-yvamp dissociated beam they are within less well, thus easing what is normally a_ figure eight (see Fig. 3 Even greater 
a factor of ten (less pressure or more cur- critical problem in thermonuclear devices. stability can be achieved by using a simple 
rent) or so in light hydrogen, which is what Heating in a mirror machine can be ac- torus with supplementary helical windings 
they have been using preliminarily complished by radial or axial compression (1876 (This is the arrangement to be 
They also have prospects for related dk of the plasma—atcomplished by increasing employed for the large-scale Model-C Stel- 
vices involving deuterium energetic arcs the field strengths or moving the mirrors larator under construction at Princeton 
operated within coaxial hollow gas arcs together, respectively. It is also possible Initial heating in a stellarator (to tem- 
rs to transfer the plasma from one region to peratures of ~10° K) is to be done by mak- 
Livermore—Pyrotron unother by moving the mirrors. ing it the secondary of a transformer through 
The basic containment principle of th Injection of the plasma into a mirror ma- whose primary a large current from a capaci- 
pyrotron is that charged particles tend to be ine can be accomplished in several ways; tor bank is caused to flow Chis is similar 
reflected from regions where magnetic field injection through the mirrors into a rapidly to the initial heating in a toroidal pinch de- 
lines converge (377). For example a sys- rising magnetic field and use of an ion source vice but the currents are much lower—in 
tem of two coils (as shown in Fig. 2) will located within the confinement volume ar fact it is necessary for stellarator stability 
form an axial magnetic field that ‘necks in”’ such methods that the current remain below a certain 
at the position of the coils and therefore In one experiment an initial plasma burst value (dependent on magnetic field) at all 
tends to confine a plasma in the space be filling the confinement volume to a density times. Because the collision cross section 
tween coils. This confinement is not per- f 10''-10'2/cm! was stably compressed to a decreases rapidly with energy some of elec- 
fect; in particular particles traveling in final density of 10'*/cm® by using magnetic trons can gain energy continuously and 
helices with small pitch angles to the axis of compression ratios of 1,000:1 in times of “run away" from the main Maxwellian dis 
the machine can pass through the mirrors about 500 psec Confinement times of the tributior 5 This makes theoretical 
[the critical angle is given by sin™'! (Ho/H» order of 1 msec were observed, with energetic heating calculations somewhat uncertain 
where Hy and Ho are the magnetic field ions remaining for as long as 20 mse« and further experiments will be needed to 
strengths at the peak of the mirrors and the Electron temperatures were 10-20 key; ion prove the feasibility of ohmic heating 
lowest value in between the mirrors temperatures are computed to be about Subsequent heating is to be | so-called 
respectively]. kev. 10,000,000° K No instabilities were “magnetic pumping ''—radiofrequency oscil- 
Interparticle collisions can shove parti- observed but the particle densities are ) lation of the confining magnetic } field 
cles onto escape trajectories; thus confin« low as to prohibit the conctusion that power " pumps plasma and heats it (to ther- 
ment is better at higher temperatures producing mirror machines would also be monuclear temperatures, in principle The 
where the collision rate is lower In par stable frequency car chosen to match one of sev- 
ticular if the mean particle energy is 150 key ’ eral natural periods of the device. Unfortun 
and the particle density 10'‘/cm‘, Princeton—Stellarator ately it has not yet been possible to verify 
finement time is of the order of : he stellarator, like Livermore's mirror this type of heating because of high plasma 
sufficient for net power production One achine, uses an axial magnetic field to con losses due to poor confinement and impurities 
way to improve confinement time further tain its plasma, but in toroidal rather than This matter of impurities in outgassed 
might be to rotate the plasma; see Ixion in near geometry (2170). However, since from the walls of a stellarator is of utmost 
Fig. 4.) An interesting and important sid ons would drift to the wall in a simple torus, mportance ince stellarators operate at 
light is that impurities tend to be confined 1e doughnut is twisted into a pretzel-like ipressures well below those in pinch devices 


} 





Argonne Gets Into the Act 


Argonne National Laboratory has joined the 


+ Magnetic fie 

- > Electric field 
P-P' Axis of rotation 
E- E Equatorial plane 


roster of organizations engaged in the quest for 
controlled thermonuclear power. Their approach 
(350) is based on the use of radiofrequency (10 
1,000 Mc) electromagnetic fields for both contain- 
ment and heating (see figure). The idea is not 
new, yet this is a departure from the pinch effect 
(where the discharge is a damped pulse rather than 
truly oscillatory) or even the Stellarator (where r-f 
fields are used only to heat up the plasma). 

As one might expect, such a different approach 
brings new promise and new problems. The 
promise derives from the fact that the structure of 
r-f fields is fundamentally different from that of 
static fields (the curl is nonzero) thus making novel 
field configurations possible. Also with an oscil- 
latory confining field there is opportunity to take 
advantage of possible dynamic stabilization effects 
—and stability has been the bugaboo of all plasma 


devices. Finally r-f fields can (in principle) simul- Observation port 


PROPOSED THERMONUCLEAR EXPERIMENT would use 8 
beam-power tetrodes (4 not shown) to provide rotating 
800-Mc electromagnetic field configuration in 0.3-meter 
. spherical cavity to contain plasma at density of 2 * 10'*/cm 
with the scheme far exceed the power produced (p & 10-5 mm, rather lower than other fusion devices) and 
heat it to temperature of 1 kev. Unfortunately skin-effect 
ated at a level such that TD reaction produced losses in cavity walls absorb almost all of tubes’ 1-Mw 
only 0.324 Mw!). Work is at an early stage. (total) output 


taneously perform the functions of containment, 

heating and direct electrical power extraction. 
Biggest, and perhaps fatal, defect of the scheme is 

that skin losses in the resonant cavity associated 


(for cavity shown wall losses are 5,200 Mw if oper- 
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ed to 


gone into ultra-high-vacuum 


~100 yw) Consider- 


have 
Initial 


stellarators 
aked at 400° C 


nm have been achieved. 


ill recent 


portant tool in the battle 
a de- 

the hot 
wall of the discharge tube. 


is the “‘ Divertor,”’ 


g contact between 
ndrical shell of the mag- 
inged to pass into an auxil- 

ere outward-diffusing ions 


ector plate. Reductions in 


9 


} have been achieved; 


ilues should be obtainable 
onfinement around the ma- 
it ions don't leak out before 
rtor section, 

of the 
B-65 


of a racetrack 207 in, 


stellarators 
machine (360), 
winding A divertor is 
in r-f heating chamber 

vacuum chamber is 
liameter stainless-steel 


iter-cooled 4) g-in.-di- 
culated with 12 mils of 
the surface of the tube 
field current. The same 
r, forms the solenoidal 
ling The vacuum sys- 
1 the machine base pres- 
\ 13-kv 0.6-Megajoule 
ergizes the magnetic field, 
maximum in 5.5 msec, 
ore transformers provide, 
lirectional 0.1 
field and a 250-ke r.f. 
field In 
ic heating field of 0.24 
approximately 
The helical 


diameter of the main 


volt-sec 
ectri 
one experi- 

give 
current 


ibout 2 in 


LASL—Pinch and Beyond 


tated (7860 
irge machine, keeping to a 
} 


aim (‘to steer 


asic plasma physics re- 
h theory and practice are inti- 
1round numerous modest 


list of new devices 


Alamos has come 
P.A.M 
ed Columbus 


to supplement the 
(linear) and 
satron (toroidal) pinch machines. 


research. The spectrum of neu- 


Pinch 


e high-powered linear Colum- 
NU, Feb. ‘58, 90 


1 motion, as if a segment of 


shows shifts due 


which the deuterons are 
noves with appropriate 

rds the cathode. The lower- 
olumbus S-4 has been used for 
observations, which have 
for stable phenomena) 
In particular, 
made 
irate measurements of axial and 
field 


pressure 


per cent, 
measurements have 


ponents of magnetic 


derived plasma 
of instabilities in this pinch 
tudied and 
new theoretical studies such 


by B. R 


more carefully 


us those Suydam, Suydam's re- 
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Industry’s Fusion Role 


schematic 1,000-Mw (net) 


field 350 ft long. 


magnet o.d. is 18 ft. 


(~33 kev). 


preliminary figure. 





Geneva provided a clearer picture of the role being played by U.S. 
industry in fusion projects lying outside AEC’s Project Sherwood. 

Pinch-effect experiments (352) were revealed to be part of the 
privately financed program being conducted by General Atomic and 
a group of Texas utilities (NU, Jume °57, 17). 
strong axial stabilizing magnetic fields (1-20 kilogauss) in aluminum- 
oxide discharge tubes of 4.4 and 6.8 em i.d. and 30-cm length. 
Typical of the fundamental approach that has characterized Gen- 
eral Atomic’s researches, papers were also presented on hydrogen- 
atom collision cross sections measured with an atomic beam appa- 
ratus and on magnetohydrodynamic theory. 

Vitro Engineering Co. reported an engineering evaluation of a 
D-D reactor 
steady-state system utilizing a 50-kilogauss solenoidal confining 
\ pressurized-water blanket picking up both neu- 
trons and bremstrahlung energy is the primary heat-transfer system. 
The inner radius of the heat-transfer blanket they choose so that the 
bremstrahlung heat flux does not exceed 5 X 10° Btu/hr/ft*. 
\ surprising result is that maximum power 
generation occurs at the lowest permissible operating temperature 
Capital cost comes out $550/kw/(e) 


Emphasis has been on 


2358). They 


postulate a 


but this is a highly 








sults indicate that undirectional axial mag- 


netic fields will not suffice to stabilize the 
pinch, and that it may well be necessary to 
reverse B, in the vacuum region outside the 
pinch with respect to its swept-in axial field 

The 


series, 


latest in the toroidal Perhapsatron 


7-cm bore, 


Perhapsatron S-4, has 
35-cm major diameter, is made of quartz. 
Fed at two points by two 225-uf condensers 
charged to 20 kv the 
generate 320-kiloamp peak pinch currents 
Up to 10 


new apparatus will 


in 12.5 psec. neutrons per pulse 
have been observed, but they are associated 
with instabilities. Further results must 
await the return of the apparatus from the 
technical exhibit at Geneva Meanwhile a 
still larger S-5 is under construction. 

Los Alamos has also done research on 
large-bore metal-wall systems akin to those 
favored by the British They use a 6-meter- 
long linear tube of 15 cm diameter with 
1.6-cm-thick Al walls (Columbus T-1) and 
a 3.6-meter long 90-cm-diameter stainless- 
welled Columbus T-2 


offshoot is a 


steel bellows. One 


proposal for a continuous- 
metal-spiral pinch tube wall (2348) whose 
high inductance would keep it from shorting 
out the discharge and might even further 
aid stability by providing the reversed mag- 
netic field that seems desirable by Suydam's 
criterion, 

Scylla. Another 
Scylla (356) a linear device in which a fast 


Los Alamos device is 
pulse through appropriate single-turn wind- 
ings simultaneously produces a radially con- 
verging shock wave and the mirror fields to 
Up to 
2 X 10° neutrons are produced on the sec- 


contain the plasma it produces 
ond and third and fourth current 
of the current, which has the 
damped 200-k« 
Thus far there is nothing to indicate that 


maxima 
form of a 
oscillation of frequency. 
these neutrons are not truly thermonuclear, 
in which case the plasma temperature would 
be 13 X 10® C, 


Ixion. Thespinning-plasmadevice, 


Ixion III, (see Fig. 4a) is essentially a mirror 
machine to which has been added a radial 
electric field. As a consequence the con- 


tainment ‘“‘tightness"’ of the magnetic bot- 
tle is improved (the centrifugal force of the 
induced by the crossed 


fields keeps the ions 


plasma rotation 


electric and magnetic 
from the axis where they might more 
necks” of the 


There is good evidence 


away 
readily pass through the 
mirrored bottle). 
to indicate that a substantial amount of the 
energy fed into the device ends up in bulk 
rotation of the plasma; in this the machine 
is closely related to Berkeley's Homopolar 
levice (see p. 67). Impurities seem to be 
limiting the attainable energy and therefore 
future efforts will be concentrated on reduc- 
ing these. 

P.A. M. injectors. 
have been achieved with a plasma injection 


High plasma velocities 


device (355) that depends on the immediate 
ionization before dispersal of a puff of cold 
gas injected into an evacuated tube pro- 
vided with an axial magnetic field Initial 
ionization is either by pinch or by tangential 
electric field from a single-turn coil that is 
connected to a high-voltage condenser 
Any neutral gas ahead of the slug of plasma 
is either ionized and carried along or left 
behind, so that the plasma can be observed 
The 


accelerated by a 


thereafter in plasma has 
further 
magnetic wave injected into a solenoidal 
5 X 10 


vacuum, 
been traveling 


transmission line—velocities of 
em /sec and impulses of 90 gm em ‘sec have 
order of magnitude 


Clearly 


been achieved with 


improvements in the offing such 
a device might have potential application 
to propulsion problems (NU, July ‘58, 73 


Berkeley, Livermore Pinches 


‘screw- 
pinches are among the de- 


Continued on p. 144 
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Rotating plasmas, sheet plasmas 


dynamic” new 





U. K. Steadfastly Pursues the Pinch 


“Whilst 
problem of producing and maintaining 
a very high temperature gas will un- 
doubtedly be described to this Confer- 


other approaches to the 


ence, research in the United Kingdom 
has been devoted to a study of gas con- 
finement by the ‘pinch effect,’ that is 
the field 
which accompanies an axial flow of cur- 
rent through the gas. Many other 
possible methods have been studied at 
but 


confinement by magnetic 


earlier times none appeared so 
promising.” 

This statement by P. C. Thonemann 
(78), who heads up the controlled fusion 
effort at Harwell, provides a capsule 
description of the British position in 
the quest for thermonuclear power. 

Eventually this singlemindedness 
may pay dividends (as it has in the fis- 
but 
the 


sion field with gas-cooled reactors 
at Geneva the effect was to mak¢ 
British story less impressive than that 
of the U.S. 
since the British had revealed 


This was particularly true 
major 
aspects of their program last Januar 
(NU, Feb. 758, p. 90). Thus Britain’s 
Geneva Conference contribution in the 
fusion field consisted primarily of a re- 
statement and putting into perspectiv: 
of the already-disclosed efforts at thi 
three major sites—Atomic Energy Re- 
search Establishment, Harwell 
Atomic Weapons Research FEstablish- 


(1460), 


1519), 


ment, Aldermaston and the 


Electrical Industries labo- 


Aldermaston (3). In 


Associated 
ratory, also at 
addition there was a review of diagnos- 
tic tec 


retical contributions (1, 2, 33). 


hniques (1520) and several theo- 
Some 


of the highlights are summarized below 


Fast Pinch at AWRE 


A condenser bank with lower induct- 
ance (for its size) than any before is 
providing rates of current rise up to 
2 X 10" amp/sec for fast linear pinch 
at the Atomic Weapons 
Research Establishment (1460). The 
| feature of the bank is the use 
of a large number of separately switched 


shock 


advantages 


experiments 
essentia 


condensers. Such heating of 


plasmas may have over 
becomes _ ineffi- 
The low 


leads to 


ohmic heating, which 
at high temperatures. 
the 


several striking differences from earlier 


cient 
inductance of system 
Russian and U. 8. fast-pinch results 
for ¢ xample the neutron production 1s 
lower and not substantially reduced by 
This 


behavior 


axial magnetic field stabilization. 
that the detailed 


during early stages of formation of th« 


suggests 


pinch discharge may have greater effect 
on its behavior than has been generally 


iated. 


appre 


Slow Pinch-AERE, AEI 


Zeta (1519) 
which had been discussed 


Experience with and 


eptre 3), 


NU, 


at Geneva and presented in 


in January Feb. ’58. 90). was 
updated 
greater perspective Neutrons ob- 
served in Zeta have been shown to be 
nonthermonuclear (NI 


Torus 


June ‘58, 19 
being improved and 


rr to the 


liners are 
the capacitor bank enlarged pric 


next round of experiments 


AEI- Wall Materials 


The British have put a lot of effort 


into the study of materials for the seg- 


mented metal walls of their pinch de- 


vices, largely because they forced 


to bv the 


wert 
problem of arcing and sput- 
tering of impurities into the discharge 
An interesting paper (34) summarizes 
ites 1t to 


machines For the 


their experience and extrapo 
possible full-scale 
latter situation the 
X-ray ind 


LOO watts ‘cm 


high rate of soft 


last-neutron = irradiation 
and7 X 10'n/ em? /se« 
, 

nem u 


respective makes the wall prol 


critical one, particularly since any im 


purities entering the discharge will in 


crease the bremstrahlung rate, which 
at best, is still 
rate \I 


ber look best 


Lg the power-production 


tal walls of low ato num 


with beryllium a particu 
y 


arly good bet, except tor embrittiement 


due to the production of He under neu 
The 


development 


tron irradiation future course ol 


fusion-reactolr may in 


tensify or lessen wall problems, but to 


some extent they will always be present 


Russians Concentrate on the Pinch, Too 


@ Apparently the Russians have not 


As best as can be gaged by the skimpy 
abstracts and three complete 
(2228, 2300, 2301) available at 

the status of the 
fusion effort seems to be as follows 
their 


papers 
this 
writing, Russian 

@ They have devoted most of 
fusion efforts to the pinch effect 

e Their experimental techniques ar 
good and, in some cases, novel. 

e They have not achieved thermo- 
nuclear neutrons nor reached tempera- 
tures higher than those reached in the 
West. 

e They have done theoretical studies 
of a Stellarator-like machine, 
other non-pinch devices. 

e They are particularly strong in the 
theory of collective effects, which could 


and of 


prove very significant since these ar 
the kinds of effects that seem to be 
bedeviling the U. 8. 
present time. 


70 


program at the 


alter the basic pinch 


geometry or magnetic field configura- 


attempted to 
substantially, but have sought 
to attain a deeper experimental and 
theoretical understanding of the 
phenomena that it affords. One finds 
no discussion of rotating plasmas or 


tion 


sheet pinch devices as in the U. 8. 
For a final accounting on the Rus- 
Geneva, 


fusion performance at 


referred to the cabled on- 


Slat 
reac rs are 


the-scene report, p. 17. 


Fast-Pinch Studies 

Using a series of ceramic and metal 
pinch tubes (2301) at voltages of 20 
120 kv and maximum currents of 200 
1,600 kiloamp from 
bank with 
10''—10" 


a 0.5-Megajoule 


rates of current rise of 
amp/sec, the Russians have 


conducted a long series of linear pinch 


experiments. Neutrons are observed 
lear by 


their 


and shown to be nonthermonu 


nuclear emulsion studies of 


spectra 


Piezoelectric Probes 


One experimental detail where the 
Russians offered something new is in 
plasma diagnostics. They us« plezo- 
electric transducers pressure to supple- 
ment the also used 


by | s 


magnetic pickups 
that 


inferring 


researchers measure 
them 


field 


plasma pressures by 


from measurements of magnet 


strength 
Ty pi ally 


these piezoelectris probes 


consist of a small (0.5-mm-dia) piece of 
piezo-ceramic at the end of a porcelain 
They 


a diaphragm-type 


rod used for positioning are 
calibrated again at 
transducer in the 


0-100 atm). 


range of working 


pressure s 
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Smaller Countries Show Interest in Fusion 


rmonuclear research is not 
province of great powers 
solid contributions from 
er nations including 

1708), Switzerland 
iny (1056), Poland, Japan 
France, Italy, Den- 
1 Turkey. Here are 


mn 
some 
ights their Geneva 


ol 


from 


papers 


Swedes Pinch, Simulate 


nch-effect experiments at 
underway for the past 
been bolstered by the 

mn of a large toroidal de- 
powered by an impressive 
condenser bank (8,200 yf 
Che condenser bank is in 
groups each containing 24 
each group can feed one of 
ling set of 40 pairs of coils 
rus—one set can generate 
field, the 
a longitudinal electric 


magnetic 


oils can be powered in 
binations for maximum 
flexibility Peak coil cur- 
is high as 1.6 X 10° amp. 

tube itself 130 cm 


eter, 28 cm minor diameter. 


has 


contribution is a 
1 pinch-effect 
r vertical stream of mercury 


Swedish 


analog—a 


gas discharge thus provid- 


easily observed medium 


iitage is applied along the 
!-mm-diameter 14-cm-long 
The entire 
in be placed in a uniform 


hown in Fig. 7. 


d. Sausage and kink in- 
Un- 


a longi- 


iave been observed. 
stabilization by 
field 


since the 


cannot be 
field 
from the liquid more readily 


lmgnetr 


demonstrated lines 


ise of the plasma discharge. 





Mercury stream 








FIG. 7. Pinch-effect analog uses mer- 
cury stream to simulate plasma, Ex- 
treme kink-type instability is shown 
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FIG, 6. 


Toroidal pinch apparatus in Kai Siegbahn's laboratory in Uppsala, Sweden 


is surrounded by 1-Megajoule condenser bank 


Japanese Innovate 


Instead of the usual pinch-effect eX- 
periments the Japanese propose to work 
with axial-magnetic-field devices 
(1329) 


pose to 


As a variant on this they pro- 


start with a static magnetic 
field parallel to the axis between two 
oppositely rotating slotted conducting 
dises. Each disc acts as the rotor of a 
homopolar generator and a gas dis- 
charge started between the edges of the 
disc is pinched into a tube at the center. 
Thus one has an attempt at conversion 
of mechanical! energy to plasma energy. 
In another proposal, resembling the 
American Astron device being devel- 
oped at Livermore (2446), a beam of 
relativistic electrons is to be used to 
ionize, heat and confine low-pressure 


deuterium. 


German Program 

The extensive German program was 
reviewed in a single paper presented 
by L. 
Linear pinch experiments have been 
Munich, Stuttgart 
Toroidal pinch experiments 


Biermann of Géttingen (1056). 
conducted at and 
Aachen. 
have been conducted only at the Max 
Planck Institute for Gét- 
tingen. In addition the Germans have 
conducted extensive theoretical work 


Phy SICS, 


on heating methods, stability problems 
and other aspects of plasma physics. 


Swiss Study Blankets 


Tritium breeding in a lithium blanket 
surrounding a fusion reactor has been 
the subject of calculations (1471) by 


W iderée o! 


The breeding reaction is, of 


Hinterman and Brown 
Boveri. 
course, Li*(n,t)He*, whose cross section 
has a resonance at 255 kev and is 1/t 
Neutrons 


of energy 2.5 Mev from the 


below. from the fusion 
reactions 
DD reaction and 14 Mev from the DT 
reaction—must be slowed down before 
they can be absorbed efficiently Be- 
cause of its low scattering cross section 
a blanket of natural lithium would have 
to be at least 100 cm thick to do this; 
therefore the Swiss team proposes 
using a graphite or beryllium moderator 
The 


will do 


lined with lithium on both sides 
idea is that the 
essentially all of the 
but the there 
the thermalized neutrons 


moderator 
slowing down 
lithium is to capture 
mean free 
path for absorption of thermal neutrons 
is 0.3 cm in natural lithium and 0.023 
em in Li®). This 
concentration of tritium by 
the quantity of lithium. 
Assuming that all the bred tritium 


is recycled back to the reactor, it is 


also increases the 


reducing 


computed that for a plasma operating 
at a temperature of 200 million degrees 
(20 kev) blanket that 
produced atoms per 


and with a 
0.72 


neutron, only 1.21% of the atoms in 


tritium 


the discharge would need to be tritons 
Thus 
the initial tritium investment need not 
Even then 
the DT cross section is 100 times the 
DD and because a triton is produced 
in half of the DD reactions, the DT 
three times as 


the remainder being deuterons. 


be prohibitive. because 


reaction will occur 


frequently. 
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Ox i a 


Y 
\Beneva 1958 


REACTOR PROJECTS 


If Geneva-’55 was the conference of promise, insofar 
as nuclear power is concerned, Geneva-’58 
Three 
dewy period of hopeful beginnings, only three cases of 


the conference of early results 


actual operating experience with 
presented—two by the U. S., one b 
2 


scribed. 


more sophisticated audience heard recitals of 24 cases 


power? 
the U. S. S.R 
23 other power reactors in the design stage 


This year, a stil optimistu 


s certainly lions of 


jears ago in the They saw the 


reactors were opposite 
and 
were de- 


hut wiser and 


oj ope rating ¢ rpervence witli 


16 others under construction in 12 
charts by the dozen of a variet 
heard the 


jour avenues of de 


whe the r economic, 


power reactors, descrip- 


countries. 
S show pe rformance Ce mparison 
/ of reactor t {pes (se lection 


> . . 
British de scribe three generations 


elopment or one type No 


, , 
longe r could there be any doubt that nuclear power 


or not Jet was well on is war lo 


be COMUNE ¢ ommon plat Y 


U. S. Operating and Design Experience 


A variety of reactor types has been 
operated at temperatures permitting 
efficient conversion of nuclear 
to electricity (1075). Water 
air and organic materials (terphenyls 
Fuel 
has been used both in the form of solid 
All degrees of 
inter- 


energy 


sodium, 
have proved successful coolants 


elements and as a fluid. 
neutron moderation 
mediate, and fast unmoderated 
been tested and stable 
demonstrated. The temperatures ex- 
plored ranged from 418° F to > 1580 


thermal, 
have 


operation 


Pressurized Water 


The pressurized-water reactor has 
enjoyed the longest and widest use in 
the U. 8S. to date. 
experience : 

Submarine Thermal Reactor 


Some specific 


STR). 


Development of pressurized-water 


power reactor technology began in 1951 
with construction of STR, land-based 
prototype of the power plant for the 
Navy’t USS Nautilus. STR first pro 
duced substantial power on May 31, 
1953, and has been refueled twice. 

Pressurized water power plants have 
operated satisfactorily in the sub- 
marines Nautilus and Skate. By April 
30, 1958, Nautilus had steamed over 
107,000 mi, 74,000 of them submerged; 
Skate had logged 12,000 mi, 
10,000 submerged. 

Shippingport Atomic Power Station 
(PWR) has been described by its build- 
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over 


as ‘‘a facility for exploring 
the performance of a pressurized-water 
time,”’ its 


reactor as a function of 


flexibility permitting a wide range of 


experiments under operating condi- 


tions ( ‘ompleted less than one month 
behind schedule, the plant has done 
Mw(e 


a power level 


duty delivering 60 under 
commercial conditions 
higher than that of any operating r 
actor in the world today. 

‘The plant was placed in operation 
without a failure or modification of 
significance and has performed essen- 
The plant 


tially as designed”’ (2462). 
is stable in operation, primarily due to 
the self-regulating characteristics asso 
ciated with its high negative tempera- 

coefficient of This 
dramatically demonstrated during 


ture reactivity. 
was 
the first week of operation when, while 
at full power, the turbine was tripped 
followed 
almost zero output without scramming 


out; the reactor down to 


without any control rod movement, 
without any relief valves lifting (NI 

April ’58, 70). Operational experience 
indicates that the measured flow, flow 
distribution and pressure drop across 
the core are very close to design values. 
Also, power sharing between seed and 
blanket, as well as coolant temperature 
rise in each of the orifice regions, is in 
close agreement with predictions, At 
present ~50% of the heat produced is 


generated in the blanket; with time, 


more and more power will be derived 


from plutonium in the blanket 


Several problems have shown up in 


recent months’ operations Une 18 an 


oscillation in the power distribution re- 
distribu- 


sulting in an unequal power 


3-5%, with a period of ~24 hr 
this 


+ 20% following burn- 


tion ol 


during normal operation, with 
value rising to 
out of xenon from the peak of the Xe 
transient. Experience has shown this 


imbalance can easily be corrected by 
A nother prob- 
intended to 


read t mperature at the center of the 


control rod positioning 


lem: the hermocouples 


seed fuel plates have not 


performed 


successfully, and a new seed cluster 


instrumentation 
The failed ele- 
svstem 


with revised s being 
prepared for insertion. 
ment detection and location 
has operated well; it has detected small 
defects in one of the blanket assemblies 
that have 


of fission 


amount 
The 


very small, is within tolerance. 


resulted in a minor 
products in the coolant 
amount 
Army Package Power Reactor 
(APPR-1 


satisfactory. 


Performance has been 


highly This reactor has 
also demonstrated great stability even 
at complete loss of load (NU, May 
57, 26). By March 1, 1958, the plant 
had generated 7,500 Mwh of electricity. 


Boiling Water 
Boiling 


shown very satisfactory stability; under 
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water reactors have also 





Characteristics and Performance of U.S. Power Reactors 
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normal operating conditions they h: and in feedwater flow has been as ex- 
a large margin against reactivity pected Radioactivity levels in power 


stability caused by variations in equipment have been acceptably 


ator density. Turbine radio noted 


no significant increase was 
after extended 
negligible (NU, June 58, 25 uf faulted zirconium-clad element 

Experimental Boiling Water Re- ‘he 


actor (EBWR) has successfully operated 


} 


operation has during operation with a deliber- 


presence of a small amount of 
1-product gases has been observed 
exhaust from the main condenser 
start of 
showed that 


surtace 


at a power density of 65 kw 
The reactor | 


reached a power-density limit be 


ectors 
titative 


600 psig (2379). since operation. 
evaluation 
of limitations in associated plar he could result 
Designed for 20 Mw(th), it has run 
62 and stopped there only becat mily a 
feedwater pump zr 


Reliability of power output was sho nitude of th 


irom con- 


ation of fuel elements totaling 


few milligrams of uranium. 


capacity ran together with the constant mag- 
fission-product activity 


by absence of accidental or 1 uled out the possibility of fuel- 
uled shutdowns during routin 
tion. Stability at 600 psig 


power levels of 20-62 Mw has been 1 L vel 


ling failure The experience shows 


monitoring these discharge gases 
sensitive method for detecting 


with tl ntir fue vdding failures 

Vallecitos Boiling Water Reactor 
VBWR) has been operated at 900 
1.000 psi at all 


20 \Mw(tl 


markably good, even 
bank of nine control rods ins¢ 
than halfway to hold down 


when no Xe is present. Ri power outputs to 


imposed changes in ambient with no signs of instability 





————— 0 
‘Heater One’—But Will It Fly? 


One of the freshest revelations about 
Propulsion program at Geneva (465 
(HTRE-1), 
first powered an aircraft turbojet engine (NU, Aug. °56, R1). 





the U. S. 


concerns the first Heat Transfer 


Aircraft Nuclear 


Reactor Experiment the direct-air-cycle reactor that 
HTRE-1! 
Shield is water, 


is air-cooled, water-moderated, metallic-U fueled. 


steel, lead. Three series of operational tests were run: 400 Mwh in 
January 1956 including runs of 6 and 80 hr; 1,600 Mwh in May and 
June; 3,300 Mwh with a new set of fuel elements in October-Decem- 


ber. 


and automatic control. 


**The reactor was always stable and responsive to both manual 
The third series of tests was success- 
fully conducted at the predicted temperature. At the completion 
of 100 hr of operation, it was decided to increase the reactor tem- 
perature and continue in operation in excess of the power-plant 
minimum requirements. The additional operating period lasted 


a total o r under nuclear power.”” That was HTRE’s last run. 
total of 40 h 1 I r That HTRE 











Principally because of its high 
VBWR 


power 


oper- 


ating pressure could be op- 
densities 
| with 
ulation (1923 The _ re- 
to load 


turbine output 


erated it average 


throughout the core of >50 kw 
natural re 

ids very smoothly 
llows from 


zero to full in <1 min with no severe 


Mw(th 


vels in the turbine building 


drop in pressure. At 50 
radiation 
are mr/hr, except in the immediate 
condenser and the 


vicinity of the tur- 


bine’s high-pressure stage, where levels 


reach 15 mr/hr 
high as 100 mr 


Contact levels as 
hr have been measured 
on the ai shows 


ector. Experience 


turbine-building personnel receive <30 


performance of their duties. 


Sodium Cooled 


and 


mr/ wk 


fast-neutron 
operated 


problems 


rmal- 
sodium led reactors have 
successful Thermal shock 
\aintenance 
svstems has 
difficulty 


udioactivity he 


have been encountered 
been 


No 


as been noted 


mary sodium 
possibile without great 
long-lived 1 
to be deposited in primary components. 
Experimental Breeder Reactor 
EBR-| the 


nuclear el 


worlds first 


1951 


produced 

tricity back in De 
and was described in Geneva-'55 
ents since 
1955 (NU, 
that the 
Mark 3 


1957 have 


paper 813. Reporting on ¢ 


tdown in late 
stated 


lements of the 


the fuel 
June °5 55 it was 
bowing 
elimi- 


core inst 


i late In 


nated the earlier 


instability 


Submarine Intermediate Reactor 


SIR). A 
USS Seawolf operated for 
suffered leaks in 


ind-based prototype for 
two vears 
both 
ind one steam nerator. 
tivated Navy 


further shipboard so- 


1955-57 put 


superheaters 


It was dea when the 
igainst 
dium reactors. However an essential 
duplicate aboard Seawolf, after similar 
pretrial leak problems 
hitch; by 


Seawolf had 


has | rformed 
April 30, 1958 
40,000 mi, 


without a 
steamed over 
27,500 of them submerged. 

Sodium Reactor Experiment (SRE). 
Three power runs were carried out late 
in 1957 (462 Previously, informa- 
tion on temperature distributions near 
the 


visability 


main tank nozzles indicated ad- 
of restricting the tempera- 
ture differential across the reactor to 
150° F 


match 


until means for improving the 


between reactor power and 


coolant flow after scram could be in- 
stalled. For this these 


were made at 14 of full power 


reason, runs 


After 
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Indian Point 


AUGUST 1958—This was state of construction at three major U. S. power reactor sites 


brake 


in eddy-current 


\I 158, full power was achieved 
‘ Che sodium piping has oper- 
t 750° F with no evidence of 
Oxide plugging has been ex- 
some of the 1! -in. and 

nes; it is expected to 

ill lines are filled and 

nt of the bulk sodium is 

10 ppm. In the second- 

when oxide content has 

kept below 10 ppm, no plugging 


d 
is been observed in seven 
valves One corrected 


(As far as 


s for operational 


can be determined, 
reasons 


The 


pumps initially used 


herent weakne SSCs, 
insfer tended to plug at 
t oat they have been replaced 


luction pumps, which 
$200 hr of trouble-free op- 
the 


test operations pro- 


t reparation for power 
700 fuel-element transfers 


t handling cask. Time for 


is 2 hr. 


hange 


Other Types 


Fluid Fuel. Homogeneous Reactor 

el nt I HRE-1) circulated 
2,000 of them criti- 
sulfate, during its two- 


lox 
1 500 hr 
ul te 052-54 


xtreme high degree of 


It demonstrated an 
inherent 
it even needing the control 
rods provided. HRE-2, a larger suc- 
early troubles (NU, .Jan. 

22: Feb. ’58, 26; May, 


essor, after 
57, R4; Nov 
»w being operated as a single- 
ystem and is performing satis- 
factorily NI Aug. °58, 21). The 
Aircraft Reactor Experiment (ARE), a 
uranium-salt fueled system, op- 
erated briefly in 1954 at maximum 
steady-state temperature of 1,580° F 
and power levels up to 2.5 Mw(th) (NU, 


region s&s 


moiten 
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UU 
Tithisetes 


i 


June °57, 20). Los Alamos Power Re- 
actor Experiment 1 (LAPRE-1) was 
abandoned due to failure of gold 


contain uranyl 


LAPRE-2, a 


needed to 
work on 


cladding, 
phosphate; 
variant, is continuing. 
Organic Moderated. 
OMRE’s 


has 


Although 
steady-state pro- 
gram started 421), by 


Jan. 1958 it had accumulated 80 Mwd 


operating 


barely 


power operation at bulk coolant tem- 


peratures of 500-700° F and fuel-plate 


Average high-boiler-residue 


5000} 
_ 8000} formation rate = 91 Ib/Mwd 
3S 3 A 
= 5000} — | 
= 4000 , 
bees Pa | 

3000 Py 

A 
® 2000 a 
o lo 
x a Pl 
’ 0 0 2 0 x0 x 50 60 70 
Reactor Operation (Mwd 

FIG. 1. OMRE: PLOT of weight of high 


boiler residue formed as a function of 
Mwd of reactor operation. Points 
shown represent data obtained under 
widely-varying temperatures—all, how- 
ever, in range of interest for power re- 
actor operation 


750° F. 


Samples of coolant from the main loop 


surface temperatures up to 
have been taken on a routine basis and 
analyzed for high boiler residue con- 
tent: 
para-terphenyl (see Fig. 1 
is 3.8 lb of 


Mwh 


prunary 


any material less volatile than 


Prelimi- 
high boiler 


nary value 


residue formed 


Accessibility of 


per operation. 
components 
for maintenance is possible even during 
operation. Highest radiation level in 
the process area was 80 mr/hr at sur- 
face of the 10-in. pipes and of the filter 
removing particulate matter from the 
system; level in the center of the area 







Dresden 


was 13 mr/hr, less than twice normal 


tolerance. Airborne activity was al- 


ways well below breathing tolerance 
Under Construction 

Five large-scale commercial nuclear 
power plants are actually under con- 
struction in the U. S. at the 
time (2447) and in 


present 
stages of 
They are 
Dresden, 
A smaller 


varving 
advancement (see photos 
the Point, Yankee, 
Fermi and Sheldon stations. 
plant at Elk River is just getting under 


Indian 


way, and seven more are in prepara- 
tion.* Thus the AEC’s de- 
velopment program is being followed 


varied 


by private industry with two pressur- 
ized water and four boiling water units 
one sodium-graphite, one fast breeder 


one homogeneous; two heavv-water 
pressure-tube designs, an organic mod- 
erated and a sodium-deuterium type. 
At the Indian Point site 
solidated Edison of N. Y. and Babcock 
& Wilcox are building for th 


275-Mw 


W he re Con- 


former's 


grid a thorium-converting 


pressurized-water plant (1885 erec- 
tion of the cylindrical concrete enve- 
lope for the 160-ft-dia steel reactor 


sphere is well along. Initial operation 
is set for late 1960. 
the $90-million 
13.2 mills ‘kwh. 


W estinghouse’s ser ond-g« neration 


Power cost from 


plant is placed at 


large pressurized-water plant for the 


* Two reactors of 66 and 60 
Mw(e) respectively by Allis Chalmers for 
Northern States Power Co. and 
Electric for Pacific Gas & Electric 
heavy-water 


boiling 


General 
1 17-Mw 
ated pres- 

unit by Westinghouse for the 
Carolinas-Virginia group and a high-tem- 
perature, gas-cooled D.»O-moderated 
design by General. Ni 
the East Central 
Coast 


cooled and moder 


sure-tube 


pres- 





lear 


sure-tube 
Engineering for and 
Florida West 
70-150-Mw 


Westinghouse for Penn 


nuclear groups a 
single-region homogeneous re- 


actor by sylvania 


Power & Light Co.; a 12.5-Mw Atomics 
International organic-moderated unit for 
Piqua, Ohio, and a 10-Mw sodium-deu- 


terium reactor by NDA for Chugach Elec- 
tric Cooperative of Alaska. 


75 











the 


Research 


Yankee group is proceeding at 
Rowe, (1038) 
and development is 60% complete; th 


Mass., site 


125-ft-dia reactor sphere and fuel ele- 
ment production are both starting this 
fall. Cost of power from the 134-Mw 
$50-million unit is conservatively 
at 14 mills/kwh. 

Fifty mi SW of Chicago, Gi 
Electric is building on a 
basis a >$45-million, 180-Mw boiling- 
60 < com- 


put 


neral 
turn-Ke} 
about 


water reactor: now 


pleted, it is unique in being six months 
schedule (2372 P 
costs will be competitive, 7.5 mills 
kwh, for Commonwealth Edison on the 


ahead of wer 


Operating and Design Experience 


Calder Hall 


During 18 months March 
1958, two of the four reactor units that 
make up the Calder Hall station have 


ending 


basis of its $30-million investment, 


which does not include contributions 
of GI 

The Enrico Fermi 
Plant, a 100-Mw fast 
built 35 mi SW of Detroit by 
Reactor Development Co. and Detroit 
Edison 


with the 92-ton reactor vessel installed 


and six associated utilities. 
Atomic 


breeder being 


Power 
Power 


1RS5 » 197 
idsot 
i WU, ZALi 


is well advanced 


in the containment dome. Construc- 


tion is to be essentially completed in 


February when a non- 
start; 


been 


year-long 


nuclear testing program will 
meanwhile the fuel elements have 


$20-million 


ordered has been spent 


on research and development. 


generated 690,000,000 
1522). 
power load factor of 70% on Reactor 
No. 1 and 78% on No. 2. 

Plant startup. 


kwh of 


This represents a full- 


elec- 


tricity 


In the initial startup 





the pressure-tube concept 
(NU, July °58, 25). 


machine. 


is steam generator. 20-Viw(e 





Canada’s Pressure-Tube Design for NPD 


The first Canadian power reactor has been redesigned to make use of 
209), 


and work has resumed at the site 
The barrel-shaped drum containing horizontal 
pipes at lower left is the reactor; below it further left is fuel-storage 
bay, and below it to right is moderator dump tank. 
extending to right of reactor and hanging from crane is fuelling 
Vertical tank to right is moderator cooler, and above that 


plant is to be completed in 1961. 





In between, 








site 
Hallam 


graphite 


work is now also underway at 


Neb., for the 75-Mw 


reactor for the She 


sodium 
don sta- 


tion (608 Completion is set for Jan 
1962, and full-power operation in June. 
AEC 
Power Re- 
critical last 
isa small package plant supply- 
100 kw/(tl 


Also described were four power 


reactors: the Argonne Low 


actor (4455), which went 


mont! 
and 


ing 300 kw 


heat 


space 


with minimum supervision, In 


the construction phase are the Experi- 
eder Reactor-2 1782 
and Plutonium Recycle Test Reactor 
147), while LMFRE-1 is still 


development 2900 


Abroad 


from the 


mental Bre 


under 


old condition, 24 hr are re- 


quired to a hieve the require reactor 


inlet temperature Under normal con- 


ditions down 
the 


inlet ducts 


when the plant is shut 


coolant circulators and reactor 
are maintained at 


~ 140 ( 


opera- 


tional temperature 


UusINg 


either fission-product heating or 


injec- 


tion o! low-pressure steam from an ex- 


ternal source into the he 


The 48 


normally operated in line and 


it exchangers. 


boron-steel control rods are 


may be 


withdrawn at provid- 


oniv one speed 


) 


ing ~2 x 10 k sec) so that 4 hr is 


required before criticality can be at- 
criticality 


it the 


tained in reaching cool- 
ant flow 


controllabl 


Is Maintained minimum 


alue of ~15° of manxi- 


mum, and the Tue temperature 


i Suriace 


is raised to the operating maximum 


value of 408° C at the présent arbi- 


trarily-chosen rate of 2° C, min by con- 


Dur- 
outlet 


tinuing control-rod withdrawa 
phas the reactor vas 


rises to the 


ing this 
temperature hnal operating 


value of ~330° ( ind the steam 


generated in the heat 
dumped 


At this pou 


turbogen 


me 2 hi 
the rators are rul 
with the 


supply They are oper 


synchronized natio 


ited on steam- 


pressure control so that generation will 


automatically follow changes in reactor 
heat output Che dump « 
left with its 


at slightly | 


ondenser 1s 


available inlet vali 


igher pressures so that it 


will take over the steam load if a tur- 


bine is tripped out 


From this stage the plant is operated 


at constant temperatures and power 1s 


adjusted by variation in coolant flow 


To raist powell coolant flow Is In- 


creased Rates of increase of power of 
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Bradwell 









ip to 15 Mw(th)/min can be used, 
it the normal operational rate is 
> Mw(tl to match the turbine 









ling rate of 1 Mw(e)/min, which 
illows power to increase in 30 min 
rom the minimum flow condition of 
30 Mw(th) to the full power condition 


















ISO MIw(tl 
Normaloperation. Thereactorcon- 
tr points re the reactor gas inlet 
erature, maintained at 140° C, 
i the maximum fuel-element surface 
t it maintained at present at 
the probably conservative value of 
108° ( The reactor gas inlet tem- 
rature is maintained constant by ad- 
g t oW-pressure circuit steam 
essure n the range 30-60 psi. A 





n pressure of 4 psi changes the 
’, but the 





perature by 1° (¢ 





temperatures 


Ss 8 iggish gas 
















% 
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Berkeley 


AUGUST 1958—This was state of construction at two British and a French power reactor site 


follow pressure adjustment with a 
delay of 5-10 min. Thus, the system 
is suitable only for trimming under 


steady conditions and cannot be used 
for correcting any rapid changes of tem- 
perature that can be caused, for ex- 
ample, by variations in feed water flow. 


The maximum fuel-element surface 
temperature is achieved by control rod 
movements. Initially about 20 fuel- 
measurements 


1.696 fuel 


element temperature 
were provided to cover th 
This was found to 


About 60 


element channels 
be completely inadequate 
temperature-measuring points are now 
provided, which is about the limit with 
the present design, and even these do 
not give a complete temperature pic- 
ture. Extrapolation from actual meas- 
urements is frequently required, and, 


because of possible variations of the 






- Unloading 
spouts 


Si 
i 


bf 
: 


A Jnioading 
chutes 



















Vibration conveyors for 
unloading cortridges 
“Cartridge box supply mochine 
—Cooling-off machine 

————Box crimping and welding machine 


FRANCE'S G-2, sketched to show apparatus for loading"and unloading while in operation 






order of 15° C caused by fuel-element 


coolant-channel manufacturing 


flux 


servative interpretation of the meas- 


and 
tolerances and distortions, con- 
ured values is necessary. 

After startup, the control rods must 
be withdrawn over the first three days 
to compensate for the 1.6% in reactiv- 
The 


total reactivity available has been ad- 


itv lost by the buildup of xenon 


by loading fixed absorbers in 
fuel-element that the 
contro] rods are almost fully withdrawn 
at the completion of Xe buildup. 

The reactors have a high plutonium 
>0O.8), and the re- 


justed 
channels) so 


conversion factor 
activity changes after the first three 
days of operation are due mainly to 
the buildup of samarium and _ pluto- 
nium at the rate of ~0.2% per month. 
After about three months of operation, 
the control rods are inserted in the core 
nearly half way. 

Control 
any of 112 
The initial pattern consisted of 40 rods 


rods can be inserted into 


positions in the reactor. 


closely grouped around the center. 


With this pattern, rod insertion for re- 
activity buildup caused flux peaking 


just outside the control-rod region. 
With n this 


maximum permitted temperatures, the 


region at 


fuel elements 
remaining fuel elements were running 
cold, and the reactor would not operate 
than 170 

control- 


at a power level of more 


Mw(th). 
rod pattern was changed to provide a 


Consequently the 


more uniform distribution over the 


whole core, the number being increased 


to 48 to maintain the same amount of 


control, and the coolant flow pattern 
was improved so that power now can 
be maintained at levels above 200 


Mw/(th) for periods of 34 months 
The performance of the feedwater- 

flow regulators has a marked effect on 

The 
Continued on p. 130 
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the reactor. rate of feedwater 





NEW REACTOR 
CONCEPTS 


Britain Plans Advanced Reactor Concepts 


Research effort by the Briti 
advanced gas-cooled reactor conce}] 
proceeding along two different 
The more immediate objective 
is to develop a slightly enriched 
cooled using UO and 
cladding that will give at le: 
better economic performance than the 
Calder Hall generation of reactors and 
that lend itself to Pu reeycling 
The range goal (3/ 
produce a high-temperature TI 


system 


will 
longer 


breeder with a gas outlet temperaturs 
So far the first pro- 
100 


around 750° C. 
gram includes plans to build a 
Mw/(th) 
second program has produced a design 
for a 10 Mw experiment that 
graphite-clad fuel elements with 


experimental reactor; the 
eatures 
pro- 
visions for continuous fission-product 


removal. 


Advanced GCR 


To prove out the slightly enr 
UO.-Be concept the Atomi 
Authority is proceeding with th« 
100 Mw 
experimental advanced gas-cooled 
actor (the AGR project). The 
early in 


and construction of a 


will be completed 1961 
Engineering parameters are 
the table. 

The Be-clad UO, fuel will operate at 
4-5 times present fuel ratings and at 
temperatures 200° C Calder 
The reactor will be flexibl 
enough to accommodate cores that 
differ radically in design. It will : 
be large enough so that there will bi 
sufficient channels to get 
statistics on fuel element performance 
and (with an unflattened core power 
distribution) there 
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shown in 


above 


values. 


] 
1iSO 


adequate 


will be a large 


ber of very hot channels for ad- 
a testing 

heat exchangers and main gas 
ilators will be flexible enough to 
a smaller number of channels at 
heat 


Each fuel channel 


handle 


higher average rating and the 
same total power. 
has individual access through the pres- 
sure vessel head and is equipped with 
instrumentation and flow con 


its own 


trol Refueling can be carried out 
load and at full 


The 


nt would allow the graphite 


th the reactor on 


as pressure. design 


moderator to be completely replaced o1 
reconstructed. 


Advanced Breeder 


Britain’s 


reactor concept are pointed towards a 


Plans for ultimate power 


led system that will 
outlet 


gAs-CoOr 


ehave an temperature high 


enough to o] 


bine rene 


fairly 


\] 


outlet temp 


a htth 

need 
600 ( 

ust 

} 


temper! 


neutrons 


temperatur 


probl ms 


rating 


ind also 


Core materials. An ave 
iture of 750° ¢ 1eCans 


erate modern 


sets or i! 


ent gas turbine 


fuel burnup 


to breed with thorium 
\ has chosen 750° ( 


as the 
rature goal; this figure is 
gher than the n 
iodern steam temper 


would permit the 


inimum 
ratures 
s-turbine driven circulator 
SO) 
outlet 
that 
suriace temperatures 
h L.OOO ( or 


more 


iinless steel and zirconium 
cladding at 1,000° C, 
vould absorb too 


und the 


many 


latter has high- 


e chemical compatibility 


\loreover to get a reason- 





Design Data for Advanced Gas-Cooled Reactor 


Reactor heat rate 
Net elex 


(ore 


trical output 
length 

Core d 
Number of channels 


imeter 


Gas inlet pressure 

Gas inlet temperature 

Gas outlet temperature 
Maximum fuel element surface temp. 
UO, fuel 

Mean reactor rating 

Peak reactor rating 

Initial enrichment 

Average thermal flux 

Peak thermal flux 

Steam cycle 

Superheater outlet pressure 
Superheater outlet temperature 


100 Mw(th 
28 Mwie 
14 it 
15 ft 
250 
270 psig 
250-325° C 
500-—575° C 
600° C 
14.6 tonne 
7.75 Mw/tonne U 
18.00 Mw 
1.65 Co (approx 
1.49 X 10" n 
3.45 X 10" n/cm? sec 
Single pressure 


tonne | 


cm? sec 


620-670 psig 
860° F 
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/Graphite filler — 


pieces 


block 








view sf 


owing group of 
fuel elements 


mounted 


FIG. 1 
high-temperature Th breeder. 


or breeding ratio, the 
in highly enriched and 
in the ratio of about 
or eventually U*5) 
rh**, This high fuel 
iggests a fuel element 
the 
fertile and fissionable 
Che 
er to 


uses moderator as 
saving in 
the total 
irface area so that high 


space 
increase 
per unit volume of core 
fissionable ma- 
An addi- 


elements 


mass of 
le possible 


ge is that fuel 


way shouldbe able to 
more burnup before suf- 
damage 
ilt of these considerations the 
ecided to attempt the design 
ment system which has no 
the 
of the core consists only 


idding and in which 
rator, fissionable and fertile 
materials Although this is an excel- 
ent arrangement for neutron conserva- 
ion, it gives rise to some difficult and 
| problems, the most important 

being fission product containment. 
material 


The I ice? of 
lies between graphiteand BeO. Graph- 


moderator 
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Porous plug admitting | 


scavenging flow © 7 


Fuel tube 

‘Fuel sleeve on 

graphite spine ~ 

Fuel rod end plugs -, | 


Bearing plug to 
provide positioning 
and seal on . 
mounting spike 


General view of single 


Graphite-clad fuel-element assemblies for British 
Gaseous fission products 
are continuously removed by He bleed flow 





- 


- Si 


29 Oo 


\\ 


Bottom extension 


Mounting spike — \p 
containing sealed pipe) “7 
to f.p.scavenge system(_ | | 


it Outline of 


fuel element during insertion 


FIG. 2. 


ite has excellent high temperature 
thermal and mechanical properties but 
has poor chemical compatibility with 
most of the 
BeO on the other hand 


inferior thermal properties, is 


possible coolant gases. 


while it has 
compati- 
ble with a very wide range of coolants. 
BeO is also superior to graphite as a 


moderator and mav be the only one of 


the two that will give a breeding ratio 

greater than 1.0. 
Reactor description. 

ideas have all been pull 


The above 
d together by 
Harwell in the form of a preliminary 
design for a LO Mw reactor experiment. 
Although work is continuing on both, 


} 


graphite rather than BeO was chosen 


as the moderator for the first attempt. 
This restricts the coolant gas 


to He. 


In the core 


choice 


the 
mixture of 


arrangement con- 
homogeneous 


fuel 


cept of a 


moderator and materials was 


compromised to the extent of sheathing 
laver of inert 


element with a 


moderator to act as a fission product 


each 
barrier. Since the graphite is porous, 


to prevent fission product escape a 
reduced pressure is maintained inside 
the element so that coolant 


inward through 


primary 


flows the sheath, 


mM 


fuel-element nose 


Graphite reflector 
Pressure vessel / 
7 Inner shel! 


/ 


Section of fuel- element 
through core channels 


~ 


/ / 


F Outline of fuel-elements 
at core channels 


~ S/ 
x 


> C—KControl absorbers | , 
, ___== View on top 
end of complete 
fuel-element 
“Coolant sea 
keys 
Outline of fuel-element heads 
showing interlocked positioning 


-2tt 


Core plan showing how seven-rod fuel-element 
assemblies fit together to define channels for 750° C helium. 
Graphite serves as both moderator and structure 


back into 


carrying the fission products 
the Each element is ducted 
to a fission product trap to which the 
the 


The graphite for the sheaths 


element. 


inflowing coolant carries active 


atoms. 
times less 


would have to be some 10 


porous than ordinary reactor grade 


graphite; eventually an impervious seal 
might be developed. 

{ possible fuel element design is 
Each element is made 


In en h 


shown in Fig. 1. 
ot seven closely packed rods. 
rod the moderator-fuel mixture forms 
an annular insert between a graphite 
sheath 


(alternatively the mixture could be a 


and a central graphite spine 


solid rod within the sheath). A porous 
plug at the upper end of each fuel rod 
admits a bleed flow 
vented at the bottom 
common duct in the block which holds 


of coolant gas; 
this is into a 
the seven rods, 

The core would be made up of 61 
fuel 
cylinder roughly 4 ft in 
Fig. 2). 
packed rods have surfaces shaped to 


seven-rod elements, forming a 


length and 


diameter (see The closely 


define a number of coolant 
which add up to about 13% of the 
total core volume. Moderator-loaded 
portions of the elements extend two 
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passages 











The efficiency of gas-cooled reac- 


Gas-Turbine Circulator 
Ups Efficiency 


Li 


Rear tor 


. 


= ad 
Compressor 


NAA 
‘ 


tors may be improved by using a 
circulator driven by a free running 
the 


shown in 


usual 
the 


turbine rather than 


gas 
electric motor. As 
figure, the coolant gas would give up 
the 


before reaching the steam generator. 


some of its energy to turbine 


Both turbine and compressor may be 
totally enclosed within the primary 
there is no loss of 


circuit. Ideally 


power in this circuit, as would be the 








case with an electric-motor-driven 


compressor. For a reactor outlet 


temperature of 750° C, the gas tem- 
the 
high enough to 
550° CC. The 


thermal efficiency approaches 40 


perature at turbine exit would 


4 
still be 


generate 
Heot — 
exchanger 


steam at over-all 











feet past either end of the core sectior it a mixed mean t 
to form end reflectors. T) 


mperature of 750 
uutflowing gas is transferred 
Nimonic-lined duct to tl 
exchanger The Ni- 


ambers and ducts are extera- 


assembly is surrounded | le ha 
reflector made up of graphite u pri heat 
8 feet in height 
diameter of 10.5 ft. ed by the 

Both the reflector columns and re nd tl have 
elements 


with ar 
ncoming coolant 
no structural function 
of the primary circuit that has 


stand vertically 


pivotally mounted on steel str and the full coolant working 


members inside a steel pressure-) s normally exposed to gas at 
The helium coolant at 10 atm } ire more than 350° C 

enters and leaves by ducts near the I no attempt to generate steam 
top of the pressure vessel. Thi ower is contemplated in this 
ondary cooling water is 


coming coolant flows downward and tudy the s 
about 75° C. This 


maintains the inside of the 
vessel and the bulk of the side refk avoir eX 
tor at a temperature not gre 

ferent the gas at 350 

then flows upward through th: 


only 
pressurization and 
heat 


essive 
exchange! 


smau 


from 


and emerges into a Nimonic* ec} 


Organic-Cooled D.O Reactor 


150.000 kw 


$300 


The Canadian General Electr the il cost of a 


(210) is studying the merits of a1 plar ild be under kw in 


organic-cooled D.O moderated natural-UO 
with Al 


rbout 


costs for a 


cladding 


concept as a possible extensio! rod 
NPD-2 concept (a D.O moderated would come to 
and-cooled natural-U reactor \Iwd 
finds that cost savin: The cost 


relative to an equivalent heavy-\ 


1.5 mills/kwh at 
£500 Mwd/ton 


or organic coolant makeup is 


5.000 tonne 
substantial 
1 at 0.2 mills/kwh. 


proposed design the D.O 


cooled reactor, would accompan\ 
These include: moderator is 


tank 


use of organic coolant. contained at 60° C in an 
vertical 


Alumi- 


coolant tubes pass through 


® No D.O coolant inventor pierced by 


® Lower reactor fuel inventor 
® No zirconium for core structurs 


or calandria tubes. 


channels wi a 6.5 m 
® Low-pressure, low-flow-rate pri } ae ~ ' th — 
this space is ’ vith CO 
coolant system pace is filled wit 


‘ +2 re ee he 
® Higher thermal efficiency between t 


as insulation 
and coolant systems. Two 


On the basis of a preliminary 


80 


sion product SCAVE 
from the bottom 
nts through a fissi 
stem using 
beds Che period 
xenon will not 
also go 
remove 
prevent 
lation 


] 
ooling 


tor experi- 
purities in 
ept down 

n carbon 


protected 


Darrass- 


t perature 
EE. Winfrith 
lr} ritical 
ned mm an 


in be heated 


SOU-9O0 ( 


res above 100 


eac! 


ant i 
enters 
at S00 
would 

Rad 


coolant not n 


ADLLITY 
as a seriou 
ontrary to the situation 


cooled 


energy 


noderated a 
the radiatio1 
Is absorbed the D.O moderator 
rather the 
Those Lchlo i and pvyrolyti 
that are 


be rem 


oolant 

tars 
d during operation will 
a coolant-pur ation 
listillation at reduced 
A buildup of 20-30% 


roreseen 


system 
tars 


pressure 


in the coolant system is 
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Steam Cycles for Advanced Gas-Cooled Reactors 





th U. K 
erating temperatures 
er paper (273 


le 


plans to elevate 
sce 
considers 
conditions 
gas 


steam cyt 


es for reactors with 
tures in the range 350° ( 
1,110° F They 


steam cycle, origi- 


tin ( 

the 

use it gave reasonable 

es at the modest coolant 

generation 

to offer attractive 

ighout the range of 
opments 

s the steam cvcles and 

that 

irious stages of devel- 


A 


attainable steam pres- 


are most 


ooled reactor. 


modest advances in 
outlet 
pated overall thermal 


temperature. 

ttractive 
present 

ratures limited to about 


improve- 
time, with 


use of feed-heating is 
t would be at the 
As the 


however, 


to 


pressure 


rises 


ature 


I used greater 


“ 


with foreseeable cool- 


ires of 600° C 


cvcles 


ery high steam 


pres- 


ng the maximum amount 


ecome feasible 


s potential improvement 
fact that, as the reactor 

temperature 

be 


is raised, 
raised as 
the 
characteristics 


The 


perature can 


an go with 


one ¢ 
the 
gAs-( ool d reactors, 


far 


is on 


Advanced Reactor Steam Cycle Data 


350 
660 
177 


350 


Coolant outlet temperature 


Coolant inlet temperature * 


Dual pressure 


Type of steam cycle 


600 
640 
337 

150 
620 


327 


H.P. 
ck A 


steam pressure 
steam temperature 


L.P 
L.P. 


steam pressure 


steam temperature 


Reheat pressure 
Reheat temperature 


Proportion of h.p. steat 
Feed water temperature 


Turbine cycle efficiency 
Turbine exhaust moisture 
Station over-all efficiency 
Efficiency 
sure steam cycle 


with singie-pres- 
corre- 
sponding turbine exhaust 
moisture 


culators 


* Coolant temperature 


500 550 

930 1,020 l 
260 294 320 343 
500) (560 610 650 
i ll ll 
Dual pressure Super-critical 


600 
L110 


450 
(840) 


100 
750 
eon 


430 


with reheat 
3,500 
1,000 


with reheat 
2,000 2,800 
820 910 
438 487 
500 860 
820 910 
138 {87 


920 5.500 


730 
387 
230 
710 


376 


LUO 


53 590 


1.800 
1.090 
590 
10U 
580 

305 


$5.0 


40) 


+ Excessive moisture 





conservative 
One 


authors make certain 
assumptions in this connection. 
of that 

reactors demand higher 
pressure drop. Another 
coolant circulator power 
10% of the electrical out- 
This is tantamount 
boiler 


these is higher temperature 


coolant 
it the 


onsumption 


will 
is ths 


will remain 
put of the plant 

to conceding that the ‘nuclear 
94°, where 


efficiency’ will remain 


it is today ‘ 


Pulsed Research Reactor 


6 x 10" 
The 
extremely prompt negative 
characteristic 


reactor that operates in 
ntense power bursts has 
sed by Atomic 
General Dynamics Corp. 
GA’s TRIGA, the 


General 


| homogeneous type 


uranium hydride, 


rrmal operation the reactor 
control 


beritical and a 


su 


rod would be withdrawn to produce a 


ion burst lasting a few milliseconds 


1 
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re- 
is named FLASH) would 
but 
raphite uranium instead of 


peak flux and power of about 


Mw. 
the 


tempera- 


SO_000 
off b: 


and 
cut 


n/em? se 


burst \ 


power is 
ture coefficient which is 
of the solid homogeneous core concept. 
The heat released (SOO Mw sec) during 
the burst is stored adiabatically in the 
homogeneous core resulting in a tem- 
perature of 500° C. During a 


recovery period lasting several minutes 


rise 


up to several hours the heat would be 


removed by a low-velocity coolant 


system and the control rod would be 


The 


repositioned for the next burst 


Higher-temperature, higher efficiency 


nuclear power plants can, the authors 
} 
lia- 


say, pay in two ways which are cumt 


tive: The capital cost of the plant 


should be less since the thermal out- 
the will | 
electrical 


put ol reactor e lower tor 


a given output and the 


greater fraction of the plant cost lies 
the fuel 
count 


in the reactor itself. Second 
consumption would be less on a 


of the higher efficiency, 


peak flux when averaged over 
subcritical period would giv: 
age flux of the order of 10" n cm? sé 


GA sees applications for FLASH in 


an ay 


® Transient tests of reactor components 


lation 


®Studies of fast-neutron rad 
damage in solids 

® Radiation effects 
sensitive biological organisms 

® Production of short-lived 


® Chemical analysis by neutron a 


on temperature- 
Isotope Ss 


tivation 
® Medical therapy 





Advanced Sodium Design from U. S. 


Preliminary design and 
mates were reported by tl 
Electric Co. (604) for a sodiur 
central-station plant that uses 
lium and graphite-moderat 
novel modular core design 
lists the pertinent engineering 
ters. As shown in Figs. 3a 
core is made up of thirty-s¢ 
critical fuel modules dispers 
a graphite moderator and 
form a critical mass. Eac!] 
virtually a small tank-typ: 
containing both fuel and 
moderator and having its ow! 
piping connections. The n 
tainer is a thin-walled stair 
tube 13 in. in dia and 2¢ 
Oxide fuel rods form an ann 
a smaller 9-in. dia Be annu 
Na enters the module, flows do 
the fuel rods, then up thr 
central hole in the Be and 
hot piping connection. Sodiur 
is maintained in each modu 
common cover gas system 
would be refuelled in plac¢ 
specially built machine. 

When Th is the fertile mat 
fuel rod reference design 
0.65-in. diameter oxide fu 
jacketed in a stainless-steel tub 
a 0.010 in. wall. The pellets hay 


} 


0.260 in. axial void which prov 


Refueling ce 
> hn Cs 


VATION 


nssion 


subdivided 


outer 


is highly 
‘O. while the inner reg 


This geometry 





Advanced-Sodium-Reactor Design Data 


Thermal power 
Gross electric power 
Net electric power 
Reactor inlet temp. 
Reactor outlet temp. 
Average burnup 
Peak-to-average heat flux 
Number of primary heat exchanger 
Flow per exchanger 
Total pressure drop 
Secondary Na inlet temp. 
Secondary Na outlet temp 
Steam at turbine throttle 
Pressure 
Temperature 
Flow 
Be to fuel ratio 
Graphite to fuel ratio 
Secondary flow /loop 
Total secondary pressure drop 
Primary piping design pressur: 
Maximum design temperature 


546 Mw(th 
219 Mw 
205 Mw 
750° F 
1,000° F 


10,000 Mwd/ton 


3.0 

+ 

15,100 gpm 
45 psi 

660° F 
960° F 


1,450 psig 
900° F 


1.63 X 10° lb/hr 


2.37 


12.9 

11,900 gpm 
54 psi 

100 psig 
1,050° F 





At left is arrangement of fuel modules that make up core of GE advanced 
Graphite moderator fills space between individually cooled modules. 
Detailed composition of typical module is shown at right 


SOO O00 


operat 
two c\ 
of U* 
yele has a critical mass of 435 kg 
an a i onversion ratio 

The U* } vele would | 
lowest fuel cost if Pu is sold at $1 
the U? 238 eycle would ha 


lowest cc can be sold at S30 /gm. 


harges for the Na plant 

16% higher than those 

iter boiling reactor plant 

me rating. i large part of 

ialty is blamed on the inter- 

nediat Na heat exchanger The 

U25*[/2%5 fuel costs, however, are 25% 

lower than those of the light water 
> 


plant, assuming $12/gm for Pu 
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INSTRUMENTATION 


Low-level Beta Counting 


7™ 


C' sharp- 
-level 8 count- 
“chers agreed 

reducing back- 
nd the approach 
hods prevailed. 
ved eliminating 
ied by gam- 
laterial (Z5¢ 
amount of 
and the 
The authors 


unter 


gas counter 

another for 

counter tor 

l d poly- 

overed with 

oncentrically en- 

ss steel cvlinders, and 
inting arrangement 

by parallel 

of an anti- 

Ib . For 

ng, the counter was 

atmosphere of acety lene, 


Hg and 


gr und 


paraffin, thus 
to O.S cpm, 
recent Cl 


tv of 15 epm. 


inting ot! 


mphasized the 
smic mesons 


(j-\M 


4 guard -counter 


2343 


counter and sur- 
Fig. 
meson which strikes 
irst has to cross the 
The 
ified Philips 18505 


ithods reduced to 1 


guard counter. 


gth to reduce its y sen- 
he beta sensitivity re- 

The counter is filled 
which has a rise time 
orter than other noble 
The  back- 


is below 1 


mixtures 
ounter, too 
te the limitation of the K® 
kground from the mica window. 
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a. Beta counter surrounded by guard counter 
b. Side and front sections of low-activity counter 
c. 


4x sandwich counter 


Netherlands 


y sand- 


Another paper from th« 
554) describes an essentia 
wich counter made from two flat cop- 
per boxes with 
Fig. 1c). 


a stainless-steel-wire 


opening n the top 


vered 


Each opening by 
ports an aluminum wil 

thick. 
compartments by copper partitions to 
insure that 
will 


The boxes are 
an anode in one compart- 
ment not fire others 
The counters are filled with a mixture 
of 90% 
total pressure in the chambers 
Hg. 
long, with a slope of less than 3% per 
100 v. 

, 


filter paper so that betas emitted in the 


argon and 10% alcohol: the 
is 16 em 


This gives a plateau about 250 v 
The sample is mounted on thin 


downward direction can pass through 


it and be counted in the lower counter. 


One other advantage of the setup is 


that samples such as strontium, cal- 


clum, vttrium, or cesium 
thin 
counted The entire 
by 10 cm of lead, 


an old ship, partly from 


filtered on paper 
ounter 


partiy t 


roof 
The 
the source between 


arrangement of 
windows facing each 
a virtually 4x geometry 
are wired in anticoin 
nate 


cosmic ray meson 


striking only the end 
eliminated by sandwich 
surround the main co 
wired in anticoincidence wi 
background is thus reduct 

3 cpm, and the 8 effi 
> for Y*, 55% for St 
Sr?) 55% for Cs’ and 


100-mg¢ Ca‘ 
40 cm?. 


cen 


o* 


sample wi 





Gamma Measurement 


The y papers emphasized low-level r but it can be used to calibrate could possil be developed for doses 
spectrometry and high-level dosimetry other dosimeters in lieu of a primary from rads. This 1 


reflecting the problems of m« 


| ange, how- 
measurement of human 
human gamma activity and industrial Osi changes and gelation of y activity; for this, most investigators 
dosimetry of irradiated foods, plastics, polyme were also tried in various spectrometry 
and chemicals. Most of the dosimeters gh-level dosimeters (2001 Poly- ith y spectrometry 
measure total dose rather than do ybutvlene polymethylmethacrylate identify, locate, and 
rate. te), and copolymers of styrene 1 f y emitters in 
One paper discussed the criter ind isobutylene showed promise, poly follow t transport 
desirability for dosimeters 2014 »butvliene from 10*-107 rads, Lucite fron ne organ to 


gan anovU! 
These include dose range, do at Th rm determination 
freedom from energy dependenc: ample, of t clearance ra 
cision, pre- and post-irradiation stabil lungs of inhaled radioisoto] 
ity, independence of temperatur ! ' ' } pectrometer 

fects, and convenience. Although 1 rvsta ipled to a 
single system meets all tl ; 


innel ANALV Ze! 
four seem outstanding: eee rin the position she 
® The Fricke dosimeter espite i — he counting rate is indepe 
restricted range, it is the most trouble- : ee height and weight of the 
free and accurate. thir | crystal permi 
® Ceric sulfate—Most nearly meets listribu 
all dosimetry requirements, but its acti sy noting the rapid ch: 
range is also limited (it must be supple- in counting rate under the photopeaks 


mented below 10° rads) and it is not durin inning, the site of the radio 
extremely reliable. FIG. 2. Relative positions of crystal i pe can be determined accurately 

® Anthracene—Shows promise for and subject found to be independent of sven though adjacent vo 
doses over 10° rads, but needs further the height and weight of the subject 


lumes of the 
contall equal quantities of other 
development. 

®Glass—Many activated glasses The time necessary to measure total 
particularly cobalt F-0621, approach  ¢,,, 
the ideal requirements rather cl polymers from 5 X 10*-10* rads using additional crystals. An array 
and have the added advantage that nN 
they can be fabricated in small sizes 


n 10*107 rads. and stvyren body activity can be shortened by 
cst ; 

. ] a y ‘ . 
polvester* dissolved in stvrene ©! 2% or 4 crystals at appropriat 
and sealed in gelatin capsules provides distances in front and behind the sub- 
ivity from 10%-108 rads (2009 ject is very valuable for rapid monitor- 


mixture will gel at various doses '™g Of large numbers of people, al 


However, long exposures at low dost 

rates seem to cause fading, so the Tho 
glasses, too, need further development. _g, pending mainly on the relative though one crystal permits measuring 
Currently, two dosimeters must be  .tyrene concentrations an individual’s K content with a 


’ ‘ ‘ | ta} le har J 
Antimonate and high-lead glass also ‘%*#ndard uncertainty less than 9% in 


show promise for high integrated ®10-minrun. Even if the subject has 


used to span the dose range: Ceri 
sulfate is best for doses over 10° rads. 
and glass dosimeters are best for lower 


lar 


dosages 2001). Several types did a iarge body content of some other 
doses. The Fricke dosimeter would not show saturation at 10° rads and ‘Tadioelement, the data from a 10-min 
be the choice in the low-dose region if run is sufficient to identify the element 
j i ~auire rvgen-saturated resen nd. in st cases. ce ' 

it did not require oxygen-saturated * Maleic anhydride, phthalic anhydride Present and, in most cases, determin 
solutions at doses greater than 4 X 10‘ and propylene glycol. the an 


int 
I MMOUTIT 


Scintillation Counting 


Scintillator applications described standardization, and the Germans mitting rapid inexpensive analysis 
at Geneva were as varied as the mbined scintillography and radiog- (Fig. 3 
countries they came from: The USA raphy to project isotope locations The arrangement is very flexible: 
presented a triple-coincidence sorter irectly on anatomical X-ray plates. Set up as in Fig. 4, it can measure 
using an XYZ analyzer; Japan de- The XYZ analyzer was used as a_ y-y, 8-7, or triple coincidences, as well 
scribed a radar-type sweeping-col- coincidence sorter to display a photo- as n-capture and backscattered gam- 
limator survey counter, and Italy graphic pattern of coincident radiations mas. It permits rapid analysis of 
showed how plastic scintillators could on an oscilloscope screen (647). The fairly complex decay schemes—Eu'®, 
be used to prepare isodose curves. line-and-dot pattern for a given source for example—or supplies information 
The Union of South Africa applied is unique, and can identify the iso- about radiative n-capture. A 2-hr run 
liquid scintillation counting to absolute tope emitting the radiation, thus per- on Hg'*® and Ti*® gave as much infor- 
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it transitions as several 
stigation with a 100- 

s for multi-field irradia- 
etermined directly by 
ntillators (1393). The 
are photographed 
examined with a 

TI e gamma curves 

nit isodose curves 

Fig. 5b to be made 
plate-blackening 


1 a cathode ray tube 
nstrument that spots 
es much as radar spots 
8 The detection 
on crystal with a 
around it at 10 
esulting impulses are 


lisplaved on a cathode 


ire 7 shows both the pat- 
an isolated point 
pattern from two such 
gether If the instru- 
away from the 

the screen 
respectively. 

mn the 

id very strong 


source 


peak off the screen. 
dence counter with a 
ator permits absolute 
1 of radioactive nuclides 
arrangement shown in 
tal is mounted as close 
scintillation counter. 
ling 10-12 ml of scintil- 
1 in a drop of mineral 
top of the photocathode 
with a hemispherical 
8 and y channels are 
illy; the output from 
pulse-height selector is 
lence circuit. The 
Au’, Na*™, and 
s are in excellent agree- 
laboratories and other 


vs a scintillation counter 


trigger a lamp in re- 


ted pulses (975); the 


the location of radio- 
racers on a previously- 
plate The developed 
he exact anatomical loca- 
lar isotope concentra- 
body. The high contrast 
hrough the electronics of 
makes possible the use of 
er doses when very small 
ses are desired, I'*? may 


d successfully. 
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FIG. 3. Gamma-coincidence pattern of 
n-irradiated tissue showing how char- 
acteristic coincidences serve to identify 
isotopes 


FIG. 5a. Photograph of plastic scintil- 
lator irradiated by two sources 


FIG. 6. Scintillation crystal and rotat- 
ing collimator. Location of source is 
indicated on cathode-ray tube 


FIG. 8. Arrangement of 4x 8 counter 
and scintillation y counter. The source 
is placed directly in the liquid scintillator 
solution 


FIG. 4. Crystal arrangement in XYZ 
analyzer setup. Signals are fed through 
amplifier-pulse-shaping circuits to show 
up on oscilloscope 


FIG. 5b. lsodose curves made from 5a 
showing relative doses 


FIG. 7. Pattern of point source (left) 
and double source (right) with peak 
(gap) driven off screen 


FIG. 9. Combination radiography-scin- 
tillography table. X-ray ond scintil- 
logram appeor on same plate, anc- 
tomicolly in register 
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APPLIED 
RADIATION 


Users of radionuclides and radiation found that 
what was new at Geneva was largely in new methods 
for making nuclides and labeled materials and in 
new knowledge of radiation effects. In contrast, there 
was not much tracing techniques although 
routine methods have been applied to many more prob- 


new in 


lems of science and engineering. 
The large number of papers in applied radiation 
Tt has heen assumed that last Se ple m- 


research would reduce the number But more than 4,00 


of the submitted titles were devoted to such 


tracer experiments, radiation effects, new ways to label, 


S ubye cls as 


detection and dosimetry 


Of all applied-radiation subjects, pe rhaps high- 


level radiation is occupying the most attention Sev- 
eral papers discuss radiation-catalysis processes that 
the verde 


being actively explored in many 


appear to be on of economic application. 


Food irradiation, too, is 


was surprising. 


ber’s UNESCO conference devoted to radion uclide sin 


countries. 


New Labeling Techniques 


Advances in labeling techniques are 
conspicuous among radioisotope papers 
at Geneva. Subjects include labeled 
compounds, labeled objects and labeled 
liquids. 

A gas-exposure technique has been 

1) 


for producing C'*-labeled 
Radioactive Kr*® 


developed 
organics (284). sup- 
plies the activating radiation; a ( 
labeled gas supplies the label; and 
radical substitution converts an organic 
substance into labeled organi 
derivatives. 


A few milligrams of labeled 


dioxide or acetylene, about half a gram 
of the 
cm*) of Kr** are placed togethe 


parent organic, and 2 curies 
in a reaction vessel and held at room 
temperature for periods of 5-11 days 
The table indicates the mixtures used 
and products obtained. 

Two methods are being used for 
tracing wooden chips in pulp mills (217 
1101 In Finland 
chips are labeled by inserting irradiated 


especially mace 


Canadians soak their 
Agl! Ag! 


soaking is also effective for wood fibers 


copper wires. 


chips in a solution of 





Mixtures and Products in C'! Labeling with Kr° 


Amounts 
Substances Gas 
in 
mixture Organic (mg 
Benzene 0.5 em’ 
and CO, 
Pyridine 0.5 em? 
and CO, 
Pyridine 0.5 em? 
and C,H, 
Stearic acid 
and C,H, 


.5 gm 2.0 11 


Products 
Benzoic acid; 98% of label in carboxy] 


group. Benzaldehyde labeled in the ring 


3 labeled acids; almost all activity in 


carboxy! group 
8-, y-substituted derivatives with C** 
attached directly to ring 
High-molecular-weight acids soluble in 


ether 
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FIG. 1. Coal grains are labeled by 
soaking in NH,Br** to study conveyors 
in West Germany 


at a later stage in paper making (216 


coal grains in West 


Br*?-labeled 


German have been used to study 


pneumat and hydrauli conveyors 


9873 l-gm, 2-gm and 3-gm grains 
were weighed and measured and dipped 
in a solution of ammonium bromide 
mixed with glue In another method 
coal grains were labeled as shown in 
Fig. 1 with the same labeling solution. 
Several experiments have explored 
Work in Canada has 
been for ore-processing purposes. In 
vakia with 


inert gases has been found to provide 


surface labeling. 


Czechoslo surface labeling 


a sensitive method for studying surface 
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me (min 


FIG. 2. Escape of inert-gas label from 
metal surfaces indicates action of corro- 
sive atmosphere 


For surface emission of 
ta particles a new method 


like tritium-titanium 


Swedishexperiments. Selective ad- 
rption and subsequent microradio- 
ere used in Swedish 


study metal surfaces 
selective absorptions 
reveal one mineral in 
others 


With me- 
inadian scientists find 


Canadian ore labeling. 
the ( 
orption always be 


of the 


can 
metals (217 

dis- 
find 


d adsorb se lectively. 


vere generally 


ir attempts to 


some selective 


rths turn out to be 
metals below zine 
series are adsorbed 
radon 


Inert-gas labels. Xe and 


the agency of a high- 


frequency discharge turns out to be an 
extraordinarily sensitive indicator of 
surface reactions (2444 
used in Czechoslovakia to study the 
effects of protective or “ passivating”’ 


The degree of adsorption or re- 


It has been 


films. 
tention of the label gives a clear indi- 
cation of the extent of surface reactions 
long before any corrosion is detectable 
by other means. 

Figure 2 is an example of the escape 
of the labeling gas and shows the vari- 
ation that results from exposure of the 
surface to two corrosive atmospheres. 

Tritium paint. The tritium-titanium 
suspension was developed in Holland 
(2347). Its 
is that 90% of the emitted betas escape 
the titanium 
they are incorporated 


most remarkable feature 


from particles in which 


Titanium is argon 
atmosphere and forms a sooty deposit 
Fig. 3). 
absorbed 


vaporized in an 


on the walls of the vess¢ 


Tritium is admitted and is 


in the grains. Finally the grains are 
dissolved to make an ink-like liquid 
\ better label for silt 


appears to be 


movements 


sand irradiated to 


produce p#2 (2357 Re suiting sensi- 


tivity was such that experimenters 


recognize one radioactive sand 

100.000 inactive ones 
The sand was washed in acid 

selected 


In dispersion 


could 
grain among 
sieved 
and dried before rradiation., 
experiments _ it was 
onto the sea floor by 
picked up later on = gre: 
cards, with 


poured skin 


isc- 


divers 


covered and isured 
radioautography 


Most 


water 


determinations ground- 


tritium as the 


label, either artificially introduced for 


movements ust 


Nuclide Production 


hand in 


Irom many countries 


growth in production 
f nuclides. The great- 
ork is in fission-product 
rted from the U. &S., 
igoslavia. 

rs discussed production 
hr F'S and a new process 
the trans- 
Cm**, An 
reported the production 
Co” by the 


ers reaction (1640). 


imounts ol 


t emitter 
c-activity 


f stable nuclides, Israeli 
ribed an O'* plant with 
the 

B! is on 


iat exceeds present 


a So much 


- September, 1958 


the U. 8S. that a 500-kg/yr 
plant is now on standb 


B® plant is busily 


\leanwhile 
in Britain a small 
producing B® at a 4-¢m ‘day 

An Oak Ridge pape 
first operations of the new multikilo- 
Th 


already 


rate. 
deseribed the 


curie pilot plant (83/ following 
long-lived nuclides ar: being 
produced in amounts of hundreds of 
“4 Pm!47, 


trom 


kilocuries annually: Cs Cr 
Rute, Te™®. Ree 
the wastes of two commonly used fuel- 
Purex and Redox. 


sr*, overy is 
recovery processes: 
A test separation of Cs'*’ gave these 
results: 98.8% recovery of 8,870 curies, 
specific activity of 22.0 curies/gm, im- 
purities of about 1% each of chlorides 


the nuclear 
explosions (176, 1963). 
set of 


evaluated several inorganic salts and 


added by 
An extensive 


purpose or 


experiments in Israel has 
labeled organics as ground-water tracers 
(1613). 

Laboratory tests with a gravel-filled 
column compared the following tracers 
KCI*6, KI'8!, (NH,);Ir'”Cl, and ethyl- 
edta la- 
Trials 


com- 


ene diamine tetra-acetate 
beled with Zn®, Ir'*? and Co® 
showed that neither of two Ir'® 
pounds tried was stable enough for the 
purpose. The compounds were Ir!*- 
edta and (NH,)sIrClg. 
of Co® from K;Co(CN), indicates that 
Co®(CN), ion 
water tracer. 


( rood recovery 


is suitable as a 


FIG. 3. Tritium-soaked microscopic ti- 
tanium grains are made with this appa- 
ratus for beta-emitting surfaces 


of Na, Ru, Fe. Meanwhile a smaller 
plant is separating short-lived fission 
products at a rate of 400 curies/ month 
Its products include Ru Zr?-Nb® 
Ba!*, Ce! Nd'47, Pr'4 Y°® 
Oak Ridge is also processing and dis- 


Kr®*, Xe? Xe! and 


sr J 


tributing 
tritium. 

An entirely different 
is used by the French in a plant for 


arrangement 


separation of 100-curie batches of Cs! 
(1179). 
movable lead-shielded unit that meas- 
146 < 5 X 6.5 ft. It is separated 


internally into 11 compartments 


The pilot plant consists of a 


ures 
Ex- 
ternal connections are provided 

In anticipation of their own power- 
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reactor program Yugoslavians have 
been practicing nuclide 
with mocked-up solutions (488 Fis- 


sion and corrosion products ar 


separations 


sepa 
rated from different concentrations of 
HCl. work | 

been directed at isolation 

free [!3!, P32, Au! et 


Development 


Ss, 


Successful procedures have been worked 


out for 8** produced from the rea 
Cl**(n,p)S*. 
results in 99% adsorption of 8 

The final product 
tains 95% of the original 8 
0.1% P*? as a phosphate, both « 


free. 


Contacting with alun 


bisulfate ion. 
and up 
urrie? 
The process shows promist 
other separations also. 
Fluorine chemistry can be 
with the aid of the only usable fluorine 
tracer, 1.9-hr F'*, thanks to methods 
reported from Oak Ridge (93? 
Argonne (1775). Both 
that the best method of production is 
neutron intimate 


studied 


groups 


irradiation of an 


mixture of LiF and Al,O;. The follow- 

ing pair of reactions then produces 

F's: Li®(n,a)T, O18(t,n) F'8, 
Radiation-processing people are likely 


to find Cm**? a useful radiation source. 


It emits 6.21-Mev alphas with a 162.5- 
lay half-life and is produced at 100 
mg/day by a process reported from the 
University of California (1883). 

Tl ‘ process consists of three parts 
lissolution of aluminum slugs contain- 
ng the Cm** 


ion exchange to remove 
Pro- 


rour 


mpurities, and elution of Cm?** 

duction is 400 mg of Cm?* every 

davs at a 
World 


tant 


product vield of 85% 
requirements for two impor 
stable O'§ and B!, ap- 
As of July 31 
Energy Commission 
$4-million 
ocated in Niagara Falls, N. 
was designed to produce 500 kg 
of B® at 90-95% 
The method 


nuclides 
to be well supplied. 
Ss. Atomik 


laced in standby a 


enrichment 
used 


. } 
is equilib 


Tracing Technology 


In contrast with the variety of new 
labeling techniques, papers on tracing 
showed continuing work with tried and 
true methods. Natural 
like ground-water patterns and atmos 
pheric circulation command continuing 
attention (176, 408, 404, 1954, 1613 
1614, 1963). 

Dating techniques have been im- 


phe nomena 


proved by extension of older methods 
Be! 


Bel? 


and introduction of dating with 
(412). The ratio of the amount of 


FIG. 4. To measure interfacial areas, 
put an alpha emitter in one phase, F' 
in the other, and count neutron: from 
an reactions 


to the amount of stable Be in a i 
mentary deposit tells the age of the 
deposit 

What makes Be" 


its 2.5-million-year half-life. 


particularly inter- 
esting Is 
Ages that can be determined with anv 
radionuclide are those in the vicinity 
of its half-life, and Be’? fills an impor- 
tant gap 

C'™ aging has been improved by a 
method for 
labeled CO 
oft VU? in ( 


sensitive enriching C'*- 
, measuring the enrichment 
12Q)'8 molecules, and using 
this to gage the enrichment of C' in 
CMO 1123). 

A large number of papers testihes to 


molecules 


increasing use of tracers in biological] 
These include a 
studies. An 


hydrobiology Is 


research variety ol 


metabolism exhaustive 
study of pointed 
especially at the concentration of 
contaminants by 
2317). 


ions in 


radioactive water 


aquatic organisms ( Iontophore- 
sis—migration of a biological 
system under the influence of an elec- 
tric field—is the subject of a paper from 
Uruguay (1528). 

The hydrobiology study, performed 


> 


in Russia, offers substantial hope that 
organisms can be used for de- 
It is found that most 


radionuclides pass from reservoir water 


aquati 


contamination. 


into the ground and living organisms. 
The 


concentrated in bottom deposits. UM 


greatest amounts are eventually 


rium distillation of a BF;-dimethyl 
ether complex 
There ar 


high-purity dimethyl ether from metha- 


flour steps: preparation ol 
nol, formation of liquid dimethyl! ether- 
BF; complex 
tion ule 
The small 
producing 90-94% B 
It uses chemical 
diethyl complex BF,(( 
Meanwhilk 
from Israel (1612 
D.O', is 


fractionation in a distilla- 
removal of nonvolatiles 
and simple British plant 

lor two 
exchange 
of the 

Oxygen-18. 
long supply 


enriched O', mainly in 


produced rates approaching an 


upper limit of 11 gm/day by fractional 
distillation. O* is also produced at a 


enrichment of 2% shortly 
to he re ised to lO 


Th British too ire 


maxill 


producing O'§ 
distillation 
‘simultaneously (102) 


BaCOs 


with low 
that produces C 
The two ar 
and H,O 


temperature 


separated into 


4 nd } ve be 
these 


used in 


are continuing and are 


being especially extended to actions 
coatings 


4 ps 


» have been used to study 


of lubricants and 
94 In 


S* and Fi 


protective 


Russia the tracers C 


processes taking place on metal sur- 
additives are included in 
fluids (2198) 


terest has been given to the mex 


faces as 
lubricating Special in- 
hanisms 
of corrosive wear. 
Furnace linings. A new method, in- 
measures the de- 
1101 
lining is 
pellets It is 
always possible to tell how many of the 


hole 


with 


troduced in Finland, 
pletion of blast-furnace linings 
Each of sev 


with 


eral holes in the 


charged five Co* 


pellets remain in any and how 


many have disappeared lining 
wear 


Oak 


simpli 


Interfacial area. An Ridge 


study has and 


effective 


aeve loped ih 


method for studying inter- 
that 


liquids in contact (832). 


facial area in processes place 
immiscible 
It functions by 


particle or low-energy 


putting an alpha- 
beta emitter in 
and a 


in the other 


one phase particle-sensitive 


substance Reaction rate 


is direct] proportional to interfacial 


area. In the initial development Po?” 
was used as an alpha emitter and de- 
tection was by counting neutrons from 


the F)9 an Na?? 
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Radiation Sources 


New tvpes ofl 


described 


sources have been 
both large ones for irradia- 
tions and small sources for radiography. 
Probably the most unusual is a reactor 
designed for irradiation purposes in the 

Another 


s Armour 


interesting reactor Ir- 
Research Founda- 
i-gas source. A large ir- 
itor that will use spent fuel from 

L. 3 reactor has been designed 


FIG. 5. Irradiation reactor separates 
process and coolant streams in anticipa- 
tion of deposits from process stream on 
reactor surfaces. It is designed to 
process liquid or gaseous hydrocarbons 


Irradiation reactor. Figure 5 shows 
ctor designed by Esso engineers 
inction with Nuclear Develop- 
of America for irradiating 
cess stream (795). This design is 
the assumption that irradia- 
will 
Thus 


are 


oduce sediments that 
ym reactor surtaces. 


process streams iso- 
uch other. 
reactor is expected to deliver 
ts total power in radiation to 
stream. It will also pro- 
steam. Re- 
or power level is 70 kw(th). 
The Esso 
timism toward the potentialities of this 
tor They that it 
radiation to a liquid process 
it a cost of 


kwh for a Co® source 


in® process 
people show unusual op- 


estimate can 


2¢/kwh as com- 
pared with 79¢ 
nd 44¢ 
vccelerator If 


kwh for a linear electron 
the 


ivered to a vapor phase, the cost goes 


radiation is de- 


up to 13¢/kwh. Moreover their com- 


ndicate that induced radia- 
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FIG. 6. French spent-fuel irradiator 
has one stationary facility and another 
that uses a conveyor belt. Conveyor 
facility and adjacent storage room are 
refrigerated 


tion is not great enough to be objec- 
tionable in petrochemicals exposed to 
1 kwh/barrel (~0.5 * 10° rad) and 
allowed to cool for 30 days 
Fission-gas source. Another 


irradiator described 


type 
of reactor was 
as having significant industrial poten- 
tial (1766). This is th 


chamber operated with 


hission-gas 
the Armour 
aqueous homogeneous research reactor. 
A flushing stream of oxygen removes 
fission gases plus hydrogen and oxygen 


liberated by radiolysis. The radiation 


source is a 12-in.-diameter cylindrical 


tank holding 75% of the 
With operation at 
10 kw the source builds up to ~1,200 
curies and produces a radiation inten- 
sity of 10,000 The 
neutron field, mostly from core leakage, 
is 10* 
photon energy is 1.3 Mey 
Spent-fuel irradiator. 
spent-fuel 


reactor gas 


volume. reactor 


r/hr associated 


10'n/em?/sec. Effectivegamma 


The French 
irradiator is 
(1212 It 


design for a 


shown in Fig. 6 combines 


FIG. 7. Comparison of spectra shows 
Pm'*?.(WO,); is superior to Tm'’® and 
T° because of absence of high- 
energy photons 


two facilities. In one a stationary 


array of nine rows of rods and exposure 
will provide dose rates of 
95,000—800,000 r/hr. 


The other facility has a 


spaces 


conveyor 
that carries packaged samples past a 
row of 20 rods, turning them once in 
transit. The rods are suspended in a 
cold room kept at — 
to this is a storage room at 0° ( 


7° C, and adjacent 
The 
carrier is designed for packages that 
have a 16 X 27.5-in. cross section. 


FIG. 8. Radiography source has acti- 
vated rare-earth oxide or Tm'’® in 
quartz ampule, contained, in turn, in an 
aluminum tube 


Radiography sources. A variety of 
radionuclides and methods of prepara- 
tion are recommended for radiography 
One Russian paper described 
the use of Tm'**, Eu'®® and Ce! for 
thin-wall radiography On the 
other hand, a U. 8. group considered 
Tm!*° usable for 
raphy but brehmsstrahlung 
much better (828). They found that 
the high-energy brehmsstrahlung gen- 


sources, 
) I35 


diagnostic radiog- 


sources 


erated by Tm!'’® reduces the available 
They 


by mixing Pm"? and Tl*** with mate- 


contrast. made better sources 
rials that function as brehmsstrahlung 


generators. Since intimate contact 
between beta emitter and brehmsstrah- 
lung target is advantageous, they tried 
the chemical compound Pm'*",(WO,); 


and found that its spectrum was free 


of the damaging high-energy compo- 


nents of other sources. Their spectra 
are shown in Fig. 7. 
Another U. 8. 


special 


reported a 
that is 
with 


paper 
small-source design 
recommended for radiography 


small source-film separation (829). A 
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special quartz ampule (Fig 
filled with a_ target 
Sm.0; or Gd.O; 


nuclide—ei 


and irradiated 


da’s NRX to 10! n/cm? The 


8.5-mg loadings contained 81.5% Sm'*4 
Gd! 


ind 15% of respectively, and 


Radiation Effects 


An atmosphere of activity and 
anticipation is characteristic of world- 
studies in effects of radiation 

: 


Damage mechanisms were thi 


wide 
subject 
of many papers, and it is conspicuous 
that the field is still an open one New 
questions are being formulated as fast 
as answers are being found. Several 
papers reported significant studies of 
radiation-induced chemical reactions 
Several were concerned with means of 
protecting against radiation damage in 
both living and nonliving matter 
Mechanisms. TwoAmerican papers 
reported careful and revealing work on 
radiation effects in Decom 
position has been found to be highl) 


water. 
dependent on rate of bubbling (952 
The @ value for hydrogen production 
is found to be 0.4 molecules/100 ey 
with agitated bubbling and less than 
3% of this with no bubbling. Th 
explanation is that bubbling permits 
escape of the hydrogen and prevents 
its combination with water to form 
H,O2 The rate is not apprecial 
affected by the presence of NaCl, KBr 
and KI, but G(O.) is greatly decreased 
by the presence of the halides 
Alpha-particle irradiation 

distilled water containing onl 

CO, ‘gave the following G values 
G(O2) = 0.10, G(H2) = 1.45, G( Hat 
= 1.28(1128). Anobserved reduction 
of H.O.2 yield with I 
agrees with predictions of a one-radical 


) 


concentration 
model and cylindrical diffusion 
ions. The indication is that 
tron is transferred in each encour 
a neutral OH radical and I 

A Russian paper showed good agre¢ 
ment between theoretical predictions 
concerning crosslinking and observed 
effects (2294). Another 


effects in organics offered a 


paper 
comprehe 
sive review of much radiation che 
try (1416). 
of effects of radical scavengers and self- 


mis- 
It described investigations 
scavenging in solutions that demon- 
strate changing yields with changing 
A U. 8S. paper 
extensive studies of the radiation chem- 


dose rate. deseribed 
istry of organics and halogenated or- 
ganics with the 
and radioactive halides (928 

The introduction of new magnetic- 


90 


use of deuterium 


ee techniques to study radi 


n-damage mechanism was exempli 
one paper from the U. 8. (948 
author uses electron spin resonance 
measure free-radical populations 
results with n-alkanes and simple 
radiation- 


ohols correspond with 


mistry information, but with some 
they are in contradiction 
with previous work 


plastics it is thought that the contradic- 


mpounds 
Particularly in 
tion may result from unknown differ- 
ences in starting materials. 

\ West German paper offered an ex- 
1ustive essay on damage mechanisms 
reference to extensivt 
The 


stages for 


with specific 


studies 998). author 


on copper 
three 
calculations of the number of 


suggests damagt 
studi 

ects, theoretical treatment of thi 
and theoretical treat- 
defects An 


American paper also dealt with irradi 


effect of defects 


nt of annealing of 
ition of copper I385 ) 
Induced reactions. Profitable i 
liations that promote useful chemi ul 
are a near thing if one can 
take seriously the implicit and explicit 
estions of a number of papers 
of the most exciting isa U.S. stud 
f sulfoxidation of hydrocarbons to pro- 


duce sulfonic acids (797). 


high 


G values as 
is 6,500 have been demonstrated 
| paraffins from hexane to hexa 
can be sulfonized with good 
eld. Long-chain molecules with up t« 
1.000 « 
These 
interesting discoveries about inhibition 
f radiation effects 


bons that are particularly unreactive in 


irbon links have been produced 


investigators have made some 
Several hydrocar 


sulfoxidation reactions are effective in 
hibitors if they are mixed with reactiv 
10% of 2,3-di 
methylbutane reduces the G value for 
4.880 to 53.5. The in 
hibition mechanism is the formation of 
H.O 
Another U 


cant 


For example, 


ones 


n-nexane 


Irom 


. 8. paper reported signifi- 
in reaction rate between 
propane and oxygen (794). 800 curies 
delivered 280,000 r/hr to the 
which 


increase 


of Co 
had a residence 
time of 2, 5 or 10 sec in the irradiator. 
Yields 100-200 % 


ove! reactions, 


gas mixture, 


were increased by 


nonirradiated appar- 


irradiation produced Sm! and Gd! 


source was loaded with 


ently because of increased free-radical 
concentrations 

eness of ilvsts has 
ised by ae tact about 
rradiation to ~4 rads 


good explanation is avail 


pertinent observation 1s 


emission of low-energy photo- 
Another 
tioned similar effects on 
reported the effects 
i 7-Mevy 
on circuit components (S02 
A Britis! 
devoted to 


electrons paper that men- 


ele tron be- 
havio1 intense 


pulses from linear accelerator 


team described extensive 
hxation 


nitrogen 


06, p. 22) (7¢ Chey have 


NO. + 
that it can be in- 


round a value of 0.9 f G 
NO und 


i to 5.0 with proper gas mixtures 


suggest 


produc 
The 


purpose 


ns For economic 

ol 10 should be achieved 
suggest for the 
gas-fluidized 


would ve its fuel in a 


slur! High decontamination 
10°) would be required, but it 
with distillation pre 


“wecriit CSSCS 
Radiation protection. Th: 
on protection 


of the papers 


subje ct 
was often dis- 
cussed r already 


i signih- 


(one 


mentioned 17, 1516) include 


ant dis eries on this subj 


paper from Germany indicated that 


experiments with hibernating dormice 
had confirmed radiation protection by 
Another Germar 


vdryl protective 


cysteine 


papel 
indicated that sulfl 


ited not by reducing radi- 


agents ope! 
ation effects but by stimulating regener- 
esting cells (991 
ym resistance in wool 
portant to people who would 
sterilize wool products with radiation 
been found to 
But 


1, 5-difluoro-2,4-dinitroben- 


Sterilizing have 


loses 


cause some deterioration wool 
treated wit! 
zene Ol 


deterioration I72 In 


against 


protec ted 
untreated 


quinone 1s 


wool 10’ r caused a 12% decrease in 
No change was recog- 
treated material. An 


American paper reported neutron and 


tensile sti 


nized in 


gamma radiation had similar effects in 
cotton, wool, silk, and syntheti 
821 Wool is relatively resistant 


fibers 
but 
this paper, too, suggests that treatment 


might improve its resistance. 
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FIG. 9. Radiation resistance in alcohols 
is a function of both the number of 
carbon atoms and the type of substitu- 
tion in the molecule 


A study of the influence of molecular 
structure on radiation resistance found 
some significant correlations (975). As 
indicated by Fig. 9, protection indices 
in alcohols with the same number of 
carbons decrease in the following order 
primary, secondary, tertiary. In any 
one type of alcohol, indices increase 
linearly with the number of carbons. 
made 
radiation Alkyl 
aromatics make the best base materials, 


lenium 


Oils and greases, too, can be 
resistant 2354 
and additives such as s¢ com- 
pounds offer protection against radio- 
lysis. Resulting oils withstand 10" r 
as compared with the usual solidifica- 
tion at 5 & 10*%-5 X 10° 

Plastics. 
plastics, rubbers and elastomers came 


Papers on irradiation of 


Food Preservation 


tion papers at Geneva 
fference of emphasis be- 
program and those of 


The 


erned with long-range, 


S. appears to 
rograms and _ sterilizing 
spending 

smaller 


ountries are 
er programs 
m preservation and im- 
ition 

idicate present-day use- 
cleared 


sia has already 


toes for sale (see box on 
British experiments in- 


rradiation can solve a 

food poisoning and 
from imported frozen eggs. 
ers offer confirmation that 


will offer no problem. 


Work from 


substantial 


St veral 


Vegetables. 
countries is in agreement 
on preservation of vegetables, particu- 
larly potatoes. Minor disagreements 
are evident concerning optimum dose 
The French recommend 7,500 

The 
2131 
and Norwegians recommend as high as 
15,000 r The French 
that doses of 10,000 rads and above en- 


levels. 
rads for sprout inhibitions 1002). 
Russians are using 10,000 rads 


5OS) object 


hance deterioration, and the Russians 
offer some confirmation of this observa- 
tion. A Swiss paper reported work on 
combined effects of radiation and anti- 
biotics (258). The British have been 
investigating this for fish (6¢ 

The Norwegians found beneficial ef- 
fects 5,000-—10,000-r de- 


doses 


from 





“first”? has been 


Geneva. In a 


A Russian 
announced at 
paper that was not presented 
but will the 
proceedings, they make the fol- 
(2131): “On 
the tests con- 
USSR Chief of 
Inspection has 


orally appear in 


lowing statement 
the basis of 
ducted, the 

Public Health 
authorized the use of potatoes 
irradiated with a 10,000 r dose 
The 


exhaustive 


for food.”’ tests referred 


to were investiga- 


tions of radiation effects on 


chemistry, odor, taste and 


cooking quality of the potatoes, 
No irradiated food has been 





Russians First to Permit Sale of Irradiated Food 


cleared for general consump- 
tion in this country, although 
current tests show that several 
are likely to be found accepta- 
ble. 
that the first food cleared by 
the U. S. Food and Drug Ad- 
ministration is likely to be a 


It has been conjectured 


sterilized food rather than one 
subjected to a low dose. 

The Russian paper indicates 
that their potato work has been 
going on since 1955 and makes 
reference to American work on 
the subject published in 1954 
by A. H. Sparrow and E. Christ- 
ensen (NU, August °54, p. 16). 
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from the 


The 
Russians have been studying vulcan- 
ization with 80-kv X-rays and a 21,000- 
They are 


Russia, 
United Kingdom and the U. 8. 


Germany, Japan, 


curie Co® irradiator (2085). 
presently building a 16,000-curie Co‘ 
AU.S 
paper indicates that the dose required 


unit especially for this work. 


for vulcanization can be significantly 
reduced with additives. Incorporation 
of 15-20% of 
duces the dose requirement from ‘33.4 
to 1.1 Megarad (826). 

Several papers discuss copolymeriza- 
tion (65, 826, The 


mentioned 


2.5-dichlorostyrene re- 


13 46, 1350). most 


practical application ap- 
pears to be the grafting of material to 
the fiber 


Japan to increase dye retention. 


synthetic “Vinylone” in 


livered to carrots, apples and bananas. 
5,000 10,000 r 
decreased rotting in carrots, 
15,000 r markedly increased it. The 
explanation is that the higher dose ap- 


However, while and 


doses 


parently damages the outer cells that 
are essential to rot resistance. 

Frozen eggs. 
and compelling use for food irradiation 


The most promising 


appears to be the treatment of frozen 
eggs that are imported in large quanti- 
ties in Britain for use in bakeries, con- 
fectioneries, etc. Salmonellas that lead 
to food poisoning and paratyphoid ap- 
pear rarely in eggs, but one infected egg 
appears to be capable of badly infecting 
a quantity of dried and frozen yolks or 
whites. Tins of frozen egg materials 
have been exposed to gamma doses of 
300,000-500,000 r (64). No 
nellas remain after irradiation. 

Radioactivity. One of several U.S 


food-irradiation 


salmo- 


papers described in- 
vestigations of induced radioactivity in 
treated with 25-Mev electrons 
Short-lived C™ and Cl" offer 
an immediate hazard and require re- 
After 
no hazard 


foods 
(S07). 
mote handling. a 5-hr cooling, 
however, remains even at 
levels significant for ingestion 

The Norwegians reached the same 
conclusions in their irradiations, which 
were performed in their JEEP reactor 
Their fields 
of photons, but some neutrons wer: 
inevitable. They 
radioactivity following 15,000-r expo- 


(568). consisted mostly 


found no. serious 


sures, and no measurable activity a few 
hours after exposure. 
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SHIP PROPULSION 


In nuclear propulsion for merchant 


nuclear 


ships—as in central-station 
power—the three years since 1955 have 
dreams- 


and-plans stage to the first tangible 


seen the transition from the 


realizations. Russia and the U. 8., 
who still hold a lead of several ) 


the rest of the world, reported on the 


ears on 
first and second non-military nuclear 
surface ships: the icebreaker Lenin and 
the passenger-cargo ship Savanna/ 
Britain, France and Japan gave 
dence of their high interest in this field 


evi- 


with some economic studies and origi- 
nal designs. On the other hand Ger- 
many, Holland, Norway, Sweden and 
Denmark, who have also been active in 
at least studying nuclear ship propul- 
sion (NU, Nov. 57, 86), made no con- 
tribution at Geneva in this field. 


Lenin, Savannah 


The Soviet Union (2140) let out the 
secret, well kept for three years, that 
the 44,000 horsepower main turbines of 
the 16,000-ton Lenin are fed, not by 
one, but by three reactors. These are 
pressurized water units, not graphite- 
moderated water-cooled as is the first 
5-Mw(e) Russian atomic central sta- 
tion. Each reactor has an independent 
primary circuit carrying coolant water 
to a separate steam generator, wher: 
superheated steam is made in the sec- 
ondary, water loop; this is fed to 
the four main turbogenerators (11,000 
hp each), to auxiliary turbogenerators 
and auxiliary steam mechanisms. The 
turbogenerators produce direct current 
for electromotors that rotate the three 
propeller shafts; the auxiliary turbines 
produce a-c of commercial frequency 
Shielding is of layers of iron and water, 
with concrete replacing the latter where 
installation of water tanks is impracti- 
cal, The primary loop area is kept at 
low pressure by exhaust fans to prevent 
spread of radioactive materials into 
working areas: the air is discharged 
through the hollow mainmast. If nee- 
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when doing maintenance 


essary 4s 

active water may be discharged from 
the primary loop into shielded tanks; 
thence it is dumped into the sea only 
after cooling and filtering in ion-ex- 
change columns. 

Lenin can steam a year without re- 
fueling; she will have a cruising speed 
of 18 knots in water, 2 
through 6-ft-thick ice fields. 


characteristics 


open Knots 


Savannah's 1025) 
have oft course been described before 
NU, Nov. ’57, 
to discuss basic design decisions on: 


Shielding The shield of 


light water and 3 in. lead around 


79); her builders go on 


primary 
33 In 
the pressure vessel reduces radiation to 
levels comparable with that from un- 
shielded primary piping; 30 min after 
shutdown the 200 mr. 
The secondary shield is comprised of 


radiation is 


6146 in. lead plus 644 in. polyethylene 
above the containment vessel, vertical 
walls of 4-ft concrete enclosing its lower 
portion, and salt-water ballast and 
fresh-water tanks 5 ft deep below it. 


PASSENGER 
DINING 
ROOM 


CREW QUARTERS, 


7\n- 
aS Dae 


a. 


\e NGINE 
ROOM 


SHIP'S PROVISIONS \ 


CONTROL 
CENTER 


The 


containment 


35-ft 


vessel of 


51-ft 
L6-in 


Containment dia, 


long 2 
steel, hermetically sealed and designed 
to withstand 186 psia, will contain all 
primary components and auxiliaries 
It can 


all primary 


resist the maximum pressure if 


water (77.000 lb) were 
flashed to steam. 
Hazards 


tured and 


If the primary were rup- 
cooling lost, and core melt- 
then fuel 
elements melted simultaneously, an un- 
likely 
could burn through the bottom of the 


down resulted, even if all 


assumption the melted ccre 


vessel in 249-34, hr 


after loss 


held 


reactor 


of cooling, but would be safely 


within the containment vessel 


Other Projects 


submitted 
One for a 


Japan two interesting 
designs. nuclear 
tanker sketch, 


right) is from Mitsubishi's Kobe Ship- 


specih 


submarine (1320; see 


yard. Before this design can be built, 
some major problems remain to be 


solved, the paper states, including: per- 


PASSENGER STATEROOMS 
j 


REACTOR HATCH 


MAIN 


J, LOUNGE 


CARGO HOLD 


REACTOR 
CONTAINMENT 
VESSEL 


\STABILIZER 
SPACE 


N. S. SAVANNAH cutaway showing relationship of reactor to ship's spaces 
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@ CREWS QUARTERS 
TRIM TANKS 
) AUX MACHINERY 


JAPAN'S SUBMARINE TANKER DESIGN shown in elevation 
The 590-ft, 48,200-displacement-ton tanker 
can carry 30,000 dwt tons of cargo oil at 22 knots sub- 
It would be powered by a 
180 Mwith): 
7,270 kg U as UO», enriched to 1.7 %, pelletized, zircaloy- 
clad and assembled in 88 elements; 17 cruciform cadmium- 
Refueling is once in two years 
10,000 hr full-load operation); burnup is 9,200 
Primary coolant inlet temperature is 538° F, 


and plan. 


merged cruising speed. 
pressurized-water reactor of 


silver rods provide control. 
(after 


Mwd / ton. 


for 
* counter-ra- 


nautical instruments 
navigation; 
measures in the completely- 
reactor plant cooling sys- 

luring underwater navigation.” 
Che other (1819) is for a 20,100-ton, 
\igrant ship. 


») £ 
25.0-Knot en 


Because of 


opulation pressure, Japanese have 


en emigrating to Latin America for 
4) Vears 


but there are now only five 
for this service: their 


ps equipped 


vacity of 8,000 emigrants/yr needs 


be quadrupled, their transit time of 

\ Hence the 
ign for a nuclear ship to carry 2,300 
200 passengers and 8,000 


one-way reduced. 


emigrants 


tons cargo outbound, 


100 passengers 


ind cargo back to Japan. She would 


180-Mw/(e) pressurized-water 


ave one 


reactor, having the same core and cool- 


int characteristics as that for the sub- 


marine tanker Shielding and con- 


tainment principles by and large follow 

would 
It could 
make five round-the-world trips a year 
to the east coast of South 


earning power 


make it a profitable venture. 
from Kobe 
America and. back via San Francisco, 
saving 2,900 sea miles, 31 days at sea 
and 22 days in port per voyage as com- 
pared with a conventional ship, which 
can make only three trips/yr. Capital 
cost of the ships is placed at $24-mil- 
lion, depreciable over 20 years; fuel 


cost is set at $1.5-million/yr; wages for 
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>) FRESH WATER TANKS 
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outlet 497°. 


loading is 


a crew of 232, supplies, insurance, re- 
pair and miscellaneous expenses would 
run about $1.2-million. Passenger and 
freight income is set at $6,470,000, vr, 
direct charges for passengers and freight 
at $1,442,000/yr, leaving earnings of 
$5,028,000/yr. 


capital cost structure the ship would 


Because of Japan’s 
make no profit until its 7th year, but in 
its 13th year and thereafter (when loans 
the 
profit ratio “will well exceed 40%”; 
aggregate total profit over 20 
comes to $18.6-million and average rate 
17 %. 


Varu, 


are repaid and no interest due) 
years 
of profit on invested capital is 
The smaller, slower Argentina 
most modern emigrant ship in service, 
earns profits from her first year; these 
add up over 20 years to $9.7-million at 
“It may be 
that a nu- 


34% average profit rate 
concluded from the above 
clear-powered emigrant vessel does not 
compare favorably in profit ratio with 
Argentina Maru,” say the authors, “yet 
it may no less confidently be concluded 
that a nuclear propelled emigrant ves- 
sel is after all a sound proposition.” 
Considering in more abstract terms 
the shipping field at large rather than 
a specific trade-route, the British Ship- 
building Research Assn. (265) reaches 
“For the 
oil tanker there appears to be no special 
advantage to be gained from nuclear 


a far different conclusion 


propulsion We can assume that 


the days on voyage and days in port are 


Two vertical shell-and-tube steam generators 
feed 566 psi, 482° F steam to two cross-compound turbines 
each putting out 22,000 shaft horsepower to its screw. 
Complement is 13 officers, 37 crew. 
navigates underwater (it can safely operate at 328 ft 
depth) but can also operate at periscope depth, or sur- 
faced when entering port, loading and unloading, and 
traversing lanes of heavy sea-traffic. Heavy lines on 
diagram indicate pressure-resisting hull; most of cargo oil 
tanks are outside it in non-pressure-resistant hull 


The craft normally 


the same [for a nuclear and conven- 
tional ship] . It appears that the 
capital cost of a pressurized water reac- 
tor is too high and the thermal effi- 
ciency too low for this system to be 
attractive for propulsion of commercial 
The 
gas-cooled systems should give better 
thermal efficiency but it is by no means 


ships, using slightly-enriched fuel. 


certain that the size and cost of those 
systems can be reduced to acceptable 
the 
hence the fuel cost becoming excessive 


values without enrichment and 

Immediate for 
mercial nuclear-powered ships do not 
The 


report does raise the possibility of 


prospects com- 


appear to be very bright . 


eventual use of plutonium as a marine 
nuclear fuel. Both it and 
British paper (266) by the U. K. Atomic 
Energy Authority agree that economi- 
cally-attractive marine nuclear power 
plants of less than 20-30,000 shp are 
unlikely. 

Results of a two-year study in France 


another 


by industrial groups for the French 
AEC and merchant marine on the ap- 
plication of three reactor types to ship- 
(pressurized 
water by France-Atome, gas-cooled by 
Indatom) are reported (1137). Com- 
mon ground rules set for the studies 
specified a 40,000 displacement-ton 
single-screw tanker with 20,000 hp nor- 
mal maximum. 
fered as to relative merits of the types. 
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board use and boiling 


No conclusion is of- 
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REACTOR PHYSICS 


Using Burnable Poisons 


A summary (1900) of work at West 
inghouse and Knolls Ato1 Pow 
Laboratory concludes that 
tions of self-shielded burna 
can match the reactivity r 
over core life for a given 
and at the same time avoid 
residue of poison at end of 
costs in fuel inventory 
a considerable extension of ¢ 
a given amount of shim 
addition burnable poisons 
to flatten power distribution } 

To date boron has prov: 
most useful burnable poisor 
a microscopic cross section suff 
large to leave little residu 
moderate fuel burnup, and 


FIG. 1. Effective cross section vs. 
burnup for self-shielded boron 


only a small amount of shim 
While the He gas from the B 
tegration 
lems, other materials such as Hg o 


causes metallurgica 


which have suitable cross sections | 
even greater engineering problems 


Burnable Poison Concept 


Ordinarily the amount of exc: 


ss fue 
that can be loaded into a reactor is 
limited by the available shin 
If the core is loaded with a 
poison, however, the reactivi 
of a gram of fuel is decreased so that 
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nienl 


neutron 


worth 


tia fuel charge can be rg 
same amount of shim control 
urnup of poison is appreciabl 


lite both the absolute 


burnup will be greate 
unpoisoned core. The 
is the 


le to compensate 


extra fuel needed at 
the unt 
some poison willalways be 


; 


~O1IsOns oO} t 


greatest pra 
with 
than the 
Such poisons will 
than the 
residue at end 


are those microscopl 


tions greater 
tion. 
t greater rate 

ninimum 
When the 


this kind exceeds a certain 


concentration ol a 
poison burnout is so great 
core reactivity will first begin 
later, 
reactivity 
effect of 


fall again in the usual way 


burnout has 
effect of th 
fuel burnup will 


when 


alternate mode o 
that will 


Enough of 


ggests an 
ontrol operation 
iter core life 
Oss section poison Is loaded 
t at startup the shim rods are com 
ete withdrawn As 
first 
nsate for the positive reactivity 
then 
falls. 
loadings 


burnup pro- 
the shims are 
withdrawn 


and later 


tivity 


transient 
In this way mucl 
can be 


ger core accom- 


ated for the same amount of shim 


control. The limit on fuel loading for 
ven poison cross section is set by) 
amount of positive transient the 


control can compensate for 


fuel loading can be had with a 
poison cross section (but still 
at the 


of a larger end-of-life residuc 


Poison Self-Shielding 


[n discussing the optimum value for 


smatier 
larger than the fuel cross section 


expense 


the burnable poison microscopic cross 
section, we have tacitly assumed that 


poison ele ments could be found with 


inserted to 


sectiol! Actua 
truth 
ments with both 


ross 
om the nature has 

few elk 
rineering properties and 


allow 


Fortu- 


ross section that 


desirable rates. 


ver, th 


effect urnout 


sons can 


avaiable 
extent by 


some Ising 


oss-section poro0on ut 


instant we ive seen 
s finally 
out too 


t go too 


the boron burns 
the reactivity 
certain 


loads above i 


self shielding the boron 
rate can be reduced, thus 
r extension ol 


dehned as 


tion to 


elding factor q 
e effective « 


ross sec 


i cross sectiol 


where NV ai V, are the concentration 


of ator e poison lump at time ¢ 


ning of life respectively. 


tio! ) the 


and 
The ce int y is a fun 
lump metr Vo and o For a 
sphere im rsed in an infinite 


nomoge- 


neous m wun ae ar * where 


ris the sphere radius, In actual prac- 


tice y must be calculated for the partic- 


ular core figuration and thermal 


spectrum 
Figure 1 shows the time dependent 
effective 


range ol 


cross section for boron over a 
values of 4 As y im 
tends to fall 
at the beginning of burnup 


reases 
the poison cross section 
more slowly) 
but much more rapidly near the end of 
burnup. The 4 
in Fig. 1 include the effect of epithermal 


shielding parameters 


absorption The values assumed for 


the effective epithermal cross section 


Of 172 barns and the fast-to-slow 


September, 1958 - NUCLEONICS 





FIG. 2 Lifetime 
quired shim 
trol (B) for B 


comparison of re- 
control (A) and poison con- 
-loaded PWR core 


5 are typical of 
ght-water cores. 
bsorption causes a 
the effective 
and is an impor- 


With 


ibsorption the curves in 


il design 
ive y values of roughly 


ross-section unshielded 
seen that as the poison 
activity first rises and 
the same 


lded, its 


poison is 


effectiveness 


ttle with burnout at first 
fall in the 


will 


the 


activity 
iter, as poison be- 
d, its self-shielding de- 
poison burns out faster 
susing a reactivity rise. 
reactivity will fall as with 
oison 
ke to adjust y so the 
| subsequent rise in reac- 
jual and thus obtain the 
mismatch. Nom- 
been developed at KAPL 
s of fuel loading, boron 


that 


tivity 


satisfy this condi- 


smaller mismatch can be 


1 combination of a lightly 


FIG. 3. Flux flattening with two-region 
loading of burnable poison 
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ele- 


shielded 


ment. 


shi Ide d 
-Treac tivity 


and a heavily 


The 


increase from the lightly shielded poi- 


initial positive 


son will tend to cancel out the initial 
shielded 


Figure 2 shows the ex- 


reactivity dip of the heavily 
component. 
cellent match obtained for a PWR core 
using B® had 
This 


ount fast neu- 


poison, 95% of which 
¥ 2.5 and 5% with y¥ 0.5 
calculation took into ac 
tron depletion of the poison and the 


variation of the fast to slow flux ratio. 
7 a . * 

Spatial Distribution 

So far we have ( onside red the 
distributed in the core 
tion of the 
n and 
core life can be extended still 
distributing the 


as to counteract nonuniform burnup 


poison 
uniformly 


However, after sele opti- 


mum poison cross secti concen- 


tration 
further by 


poison SO 


ores of equal fuel 


If we consider two « 


sons 


loading, one having burnable poi 


without the burn- 


and one not, the core 
able poisons will usually have a greater 
nonuniformity of fuel burnup since the 
be inserted 


control rods will have t 


much farther in the core during most of 
introduce greater 
Non 
fuel burnup usually results in loss of 


the fuel te 


the core life and w 


flux distortions iniformity of 
burn out 
flux 


high 


reactivity nds to 


most in regions of hi thermal 
often are 
statistical 


loaded burnable poison 


which also regions of 


weight. In a uniformly 
core the poison 
the 


offset 


will burn out most rapidly wher 


fuel does, thus tending to partly 
loss due to the 
his 


distributing 


the reactivity nonuni- 


loss Is 


formity of fuel burnup 


even further reduced by 


the poison so that it has greater con- 

centration in high burnup regions 
This principle is illustrated by caleu- 

lations done at KAPI 


light-water moderated and cooled reac- 


on a cylindrical 


tor with a highly enriched zirconium 


core, The reactor was shimmed by 
inserting the control rod bank in the 
Since the 


top of the core flux is low 


at this end of the core, it makes sense 
not to put any burnable poison in this 
region, Calculations for (a) uniform 
distribution of boron poison in the core 
and for (b) the same amount of poison 
; of the core 


20% in 


distributed in the lower 
showed an improvement of 
fuel 


re life for (b) 


maximum-to-minimum burnout 


The ec 


was 25% greater than for (a 


for scheme (b). 


Burnable poisons can also be used to 
flatten both local power peaks and 


over-all radial power peaks. For the 


latter the best scheme is to vary the 
distribution of poison rather than fuel 
to obtain a flat thermal power. Figure 
3 shows results of this method obtained 
by KAPL for the 
enriched reactors previously 
The divided 
two radial zones of different poison con- 


small light-water 
highly 
into 


described. core is 


centration. Since the over-all power 
distribution peaks in the center of the 
core, V2, the outer zone volume, should 
have the lower poison concentration 
The aim is to make the peaks at the 
core center and at the zone interface as 
small as possible by adjusting V2/V, 


where V, total core volume) and 8 


FIG. 4. Boron poison shim control in 
slightly enriched core 


the ratio of poison density in the outer 
and inner zones. In general the peaks 
flatten rapidly for V./V, A 8 
of 0.05 gives the best pattern, but such 


> 0.6 
a lightly poisoned outer zone would 
probably make it difficult to shut the 
A 8 of 0.20 is more realistic 


worsene d 


core down. 
and has only a slightly 


pattern. 


Slightly Enriched Cores 


Studies of 


cores at Westinghouse show that burn- 


light-water moderated 
able poisons can be used to advantage 
in cores containing slightly enriched 
fuel. The savings in mechanical shim 
control is illustrated by Fig. 4 for a 


loaded 


with boron poisons of various amounts 


$% enriched core uniformly 


of initial self shielding. For each self- 
shielding parameter, y, the boron con- 
centration is optimized to minimize thi 
The 
maximum difference in ordinate during 
lifetime the 
(dotted curves) and the “maximum 


amount of mechanical control 


core between y-curve 
Xe” curve (solid curve) indicates the 
amount of mechanical control needed 
Compared with an unpoisoned core 
equivalent to a dotted curve along the 
x-axis) the unshielded poison (7 0 
gives considerable savings on mechani- 
cal shim control. Further reduction is 
possible with self-shielded poisons but 
as shown in Fig. 4, this is only at the 


expense of a much shorter reactor life 
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Pu Fast Reactor Performance 


Both the U. S. (637) and Russia low density of oxide. The median tem. This is attributed primarily to 
(2038) * reported on criticalexperiments energy for all core fissions is much be- _ the loss in fast fission bonus. In addi- 
dealing with Pu-fueled fast reactors. low that for the metal-fueled reactor tion the thorium blanket allowed too 
The American paper included a caleu- the parasitic capture rate in fuel is up, many neutrons to escape in the design 
lated performance comparison (see and the breeding ratio has dropped used teactor #8, fueled with U***, 
table) of various types of fast reactor appreciably, as has the critical mass. again indicates an abnormally low 
systems having practical engineering Reactor #5 represents a second possible breeding ratio due to an inadequate 
compositions. The basic reference de- oxide design, this one having more fuel blanket. If one had a blanket effi- 
sign for the reactors shown specified a and less coolant and structure (henc: ciency equal to that of reactor #2, the 
core composition of 50% Na, 25% steel lower thermal performance, other breeding ratio would be raised to 1.27, 
and 25% fuel and fertile material; th: \ings being equal). The critical mass which provides an estimate of the 
blanket has a composition of 20% Na roes up slightly and much of the loss _ potential performance of this system. 
20 % steel and 60% fertile material and n breeding is recovered, although the The low alpha for U*** is noteworthy 
is 45 cm thick. These values were radiative capture rate is only slightly Alpha remains essentially constant 
based on experience with EBR-II and improved. The improved breeding is over the wide range of reactor designs, 
the Enrico Fermi Reactor due to the considerable increase in including oxide and carbide systems. 

Reactor #3 is a metal-fueled design fast fission bonus” in U28, The While no dilute U*** criticals have 
using Pu containing considerable Pu** change in leakage from the reactor is been performed, reasonable agreement 
the result of long-term irradiation in a only a slight factor. between experiment and theory for 
thermal flux. The breeding ratio Reactor #6 is a hypothetical carbide substitution experiments with U®** in 
(based on the destruction of Pu’ reactor, and #7 again is the same type ZPR-III has been obtained. The 
atoms alone) is higher than for reactor with an increased volume of carbide in performance of the Pu-Th system pro- 
#2 (with no Pu?"*) and the critical mass the core. The predicted performance vides the basis of an interesting specu- 
is lower. This is because Pu?*® has a_ is very similar to the oxide reactors lation. One can envisage a fast-ther- 
higher fission probability than the U** xcept for slight shifts in spectra mal partnership where the fast Pu-Th 
which it has partially displaced Reactors #8 and #9 present two de system burns plutonium and makes 

Reactor #4 represents one possible signs with thorium as the fertile mate- U***, feeding the latter into a thermal 
oxide reactor design, with a relatively rial. Reactor #9, fueled with pluto- U***-U** oxide reactor which burns 
awinliee nium, indicates a considerable drop in U*** and makes Pu*** with a good over- 


* Not available at press time conversion ratio from the Pu-U*** sys- all neutron economy. 


Summary of Fast-Reactor Physics Parameters 





Reactor No. 1 | ; 4 | Se | 6 ° 
Fuel Pu 239 | Pu“ y 23 240 Pu 239 Oxide |} py23d Oxide Pu239 Carbide Pu 239 Carbide 
(volume fraction) (.25) 2 ( 0248) (.083 | (0275) (.166) 0256) (.088 0291) (.176 
Fertile material yas z 3 y238 | ye ye a 
(core volume fraction) (0.0) 0 62 | (1385) 0969 9 
Core volume (liters) 400 0 ano 800 BO 
Ratio fuel atoms to | 
diluent atoms 0.178 0.140 | 0.136 0.426 0.199 3M & 
Critical mass (kg) 288 | 56 378 41s 1% 444 


Flux integral for: Core | Blanket Core | Blanket | Co Blanket Core | Blanket | Core | Blanket Co Blanket { | Blanket 
+ + + - 








Energy interval (Mev) | | 


1228 -o 3.6 | 0.55 402 | 0.40 0.39 5.76 | 0.64 S4 | 059 0.58 4.92 

13 |= 2.25 0.88 5.27 | 0.64 27 | 0 7.0 | 1.05 0.90 ? 0% | 6.05 

0.825 -1.35 1.91 7.81 1.42 7 141 9.71 2.01 ; 7 1.98 6.18 158 
0.500 - 0.825 6.07 | 1 4.68 | 14.61 ; 16.31 | 6.15 5.69 12.30 | 4.45 
0.300 -0500 | 8.36 16.87 6.52 | 4.4% | 7.69 1.70 13.% 6.09 
0.18 - 0.300 8.09 | 15.02 641 | 17.00 1.3 751 1246 | 5.90 
0.110 -0.18 7.18 12 5.7% | 12.7 $71 | 15.41 7.39 6.10 6.2 1.28 5.35 
0.067 - 0.110 : 6.0 | 1 5.52 | ) | 547 | 13.00] 7.14 5.9 1 6.58 9.89 | 5.18 
0.025 - 0.067 4 8.00 6.62 | 10 | 57 | 15.38 8% J 7.6 27 12.48 6.4 
0.00911 - 0.025 . 3.58 87 3.06 l 3.03 10.85 4.6 | 3.8 023) 423 6.11 3M 
0.0 0.00911 . 1. 2.%5 130 | 291 | 12 10.67 | 2.67 | 2 258 1s 1.8 














—Swenoavenwn 


—— 


Fuel fissions (x10 3 | 7 ? | o | 32 0 0 0 | (296 0 
Fuel captures (X10 ”) ) 0 0 825 0 . 0 2 0 | 44 0 
Diluent fissions (x 10 3) 0 15 } 1 94 | M6 21.9 2A 47.7 | 184 
Diluent captures (X10 3) 31 103 | a8 369 420 m2 =| 329 
Na captures (x 10 3) 2 ‘ 03 | oz |e | 1 02 | os | 1 
Structural captures (X10 9) 13 | 22 | 2 10 4 ¢ ome 9 
Internal breeding ratio 0.540 0.256 0.540 0.328 0.652 0.408 
Total breeding ratio 1.4 161 1.63 1.37 1.52 1.38 154 1.15 
Ratio fuel captures to | 

fuel fissions 0.1% 0.207 0.207 0.257 0.246 0.259 0.251 0.0845 
Escape from blanket 0.0054 0.0183 0.0181 0.0239 | 0.0199 0.0275 0.0180 0.069" 
Median fission energy, 

all core fissions (Mev) 0.367 0.344 | 0.365 0.181 0.234 017 =| 0.260 021 =| 


2 Core Na fraction = 0.35; core stee! fraction = 0.15 * A.45 cm reflector is not adequate for these two systems. Potential breeding ratios, assuming more efficient reflectors, are 1.27 & 1.40 for #8 & #9 respectively 


96 September, 1958 - NUCLEONICS 























Frequency 


FIG. 1 


power and low flow. 


Transfer—function—amplitude measurements 
EBR-!| with Mark-—Il core (left) show resonance peak at full 
Under same conditions 
Mark-Ill core, similar measurements (right) show no reso- 
nance peak (solid curve is theoretical zero—power ampli- 


Power 48| kw 
Flow |!Ogpm 


2 
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for tude). 


but with 


Mark-III Makes EBR-I Stable 


lransfer 

EBR-I 
Mark-IIT core, 
tremely stable over its operating range 
ywer at which instability 


function measurements on 
show that, with the new 


the reactor will be ex- 


ll greatly exceed the reactor 


emoval capacities. (Extreme 
ition of the available data indi- 
at 40-50 times design 
Mark-III 

d correct the contention by 
reactor designers that EBR-I’s in- 


function of 


stability 


full flow.) Thus 


troubles were a 
design and not an innate 


fast 


ni al 
iracteristic ol reactors as a 


. : 
yeneral CiAass 


EBR-I Analysis 


Analyses of the instabilities observed 
n EBR-I with the Mark-I and Mark-II 
ores (NU, April ’57, 62) had led to 
the conclusion that the reactor pos- 
sessed both a prompt positive tempera- 
ture coefficient and a delayed negative 


efficient (or coefficients). Thesource 

f the prompt coefficient was suspected 
to be bowing of the fuel element rods 
aused by temperature gradients in 
he rods 


he 


negative 


of the 
has remained a 

British 
a previous sug- 


physical source large 
coefficient 
One of the 


mystery papers 


1462) elaborates on 
gestion that the inner blanket-to-core 
flow arrangement in EBR-I 
was responsible. They find that (a) 


series 


radical power variation in the blanket, 
b) heat leakage from core coolant to 
blanket coolant through the core skirt 
and (c) variation of blanket coolant- 
channel size would combine to cause a 
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large steady-state radial temperature 
in the coolant leaving the 


This gradient could be car- 


gradient 
blanket. 
ried over into the core to some extent, 
resulting in a lower temperature on the 
axis than on the periphery at core inlet. 
Such a lead, in the 


steady state, to an outward bowing of 


gradient would 


the fuel elements. This bowing would 
be opposite in direction to the bowing 
instantaneous 


caused by the power 


generation pattern of the core and 
would have a longer time constant (i.e., 
the time for 


coolant-transient). 


blanket-heating plus 


Regardless of their origin, the 
observed temperature coefficients in 
Mark-I and Mark-II allowed a qualita- 
tive explanation of EBR-I’s resonance 
instability: H. Bethe showed that any 
if it 
will 


reactor, has a delayed negative 


coefficient, 
some threshold power, the power de- 


have a resonance at 
pending on the magnitude of the coeffi- 
The effect of the 

coefficient is to lower the 


cient. prompt 
positive 


resonance threshold power. 


Mark-III Experiments 


Last fall EBR-I resumed operation 
with Mark-III—a core designed spe- 
cifically (NU, Feb. 58, 122) to test the 
fuel-element-bowing and _ series-flow 
theories of temperature-coefficient ori- 
gin. Tests have been made _ with 
powers up to 500 kw and flows as low 
as 110 gpm. 


showed no indication of a prompt posi- 


Flow changes at power 


tive coefficient, at all 
500 kw with flow 
gpm to 110 gpm. 


powers up to 
changes from 295 
The conclusion is 


ie 


Frequency (cycles/sec } 


Close correspondence between points for parallel 
flow (crosses) and points for series flow (circles) rules out 
blanket—coolant temperature gradient in series flow ar- 
rangement as possible source of delayed negative tempera- 
ture coefficient seen in Mark-—Il 


that the changes of mechanical design 
that eliminated fuel 
in Mark-III also eliminated the posi- 
tive coefficient observed in Mark-I and 
Mark-lIl. 

Moreover, reactor transfer function 
little 
the resonance behavior exhibited by 
Mark-I and Mark-II 
either series or parallel flow situations. 
This is taken to mean that in the ab- 
sence of the prompt positive coefficient 


element bowing 


measurements showed sign of 


(see Fig. 1) tor 


the resonance threshold has moved up 
in power beyond the previous operating 
range. Argonne feels that the com- 
plete lack of any effect on the transfer 
function of: changing from series to 
parallel flow’ (see comparison in Fig. 1) 
suggested 


rules out the mechanism 


above as the origin of the negative 
coefficient. 

On the other hand, the British 
authors still insist that fuel displace- 
ment of some kind must be involved; 
heating of reactor structure alone, 
they feel, 


large reactivity 


could not give such a 
coefhicient. At this 
point Argonne is inclined to believe 
that the negative coefficient in Mark-I 
and Mark-II was not caused by a single 
but 
result of the 
temperature-dependent effects 
Because of the reduced effect of the 
coefhe rents 


mechanism was rather the net 


combination of many 


negative coefficient (or 


with Mark-III, no additional experi- 
information about the 


mental origin 


of such coefficients has vet been 
obtained. Current tests at 


power should provide more definite 


higher 


information. 
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NUCLEAR FUELS 


As nuclear power moves from prototype 


stage, more emphasis is being 


for high temperature and high burn 


’ 
placed on 
I 


up. Th 


; 


Lo full-scale 
materials 


pape rs 


United States Fuel Development 


PWR Core-2 Blanket 


A plate-type blanket element with 
UO, in compartmented Zircaloy-2 clad- 
ding (see Fig. 1) is under development 
for the second core of the Shippingport 
reactor (2380). Benefits of this design 
will be (a) higher thermal! performance 
[100 Mw(e) vs the present 60 Mw(« 
(b) increased life (10,000 full-power 
hours for the first seed), ( 
fabrication costs. 

The fuel is cold-pressed and sintered 
to a density of >96% of theoretical 
This density, higher than for core 1 
(93-95%), has better fission-gas reten- 
Also, the grinding operation used 
fuel 
within 


lowe red 


tion. 
for core 1 pellets is eliminated 
thickness can be maintained 
+ 0.002 in. by pressing and sintering. 
Length and width are not critical since 
~5% void space is desirable in each 
fuel compartment. The fuel is not 
bonded to the cladding, necessitating 
compartmentation of the cladding to 
provide rigidity. 

A new procedure, eutectic-diffusion- 
bonding, was developed for bonding the 
cladding components together. It is 
relatively simple, inexpensive and pro- 
vides strength, ductility and leaktight 
compartments. 
formation of a molten eutectic alloy 
film between the cladding-component 
surfaces. The film is formed by diffu- 
sion of a thin layer of pure metal on the 
surfaces of the fuel-receptacle plate 
during heating of the assembled compo- 
nents to the bonding temperature. On 
reaching the melting 
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The bonding involves 


point of the 


eutectic alloy, the latter melts and 
bonds the higher-melting-point clad- 
ding components. Holding the assem- 
bly at the bonding temperature for a1 
extended period results in diffusion of 
the bonding metal and leaves no solid- 
eutectic-alloy layer in the bond inter- 
face as in brazing. 

Nickel, Cu and Fe were investigated 
Their 
melting-point eutectics with Zr melt at 
961, 885 and 934° C, respectively Zr 
~1,750°). 


agent layers of 0.15-0.25 mil are ob- 


as bonding agents. lowest- 


melting point is Bonding- 
tained by a chemical-displacement tech- 
Zr displaces Ni, Cu or Fe from 
salts in an acid bath (room temperature 
90-100° C for Ni and Fe) to 


nique 


for Cu, 


FIG. 1. 


in compartmented Zircaloy cladding 


re ported on here 


economic operation under 


concern rradiation effects on fuel 


materials and fabrication of fuels that provide reliable, 


such conditions 


a bonding-agent layer on the 
Thickness of the 
controlled to +0.02 mil 
This method is preferred to electro- 


provide 
cladding surface. 


layer can be 


plating because of simplicity, no hydro- 


gen evolution or contamination and 


uniform coating over geometry 
Variations. 

Intimate contact of the surfaces dur- 
ing bonding is ensured by fusion weld- 
ing the outside periphery and by an 
external inert-gas pressure. A bonding 
temperature of about 1,000° C 


plied for several minutes to 


is ap- 
several 
hours. Fast heating and cooling rates 
are required to avoid, respectively, ex 
diffusion of the bonding agent 


CeSSIlV' 


before reaching the eutectic melting 


Blanket element under development for second PWR core—sintered UO, 
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FIG. 2. Gas-pressure-bonded Zr-clad 
Zr-U assembly bonded at 10,000 psi for 
5 hr at 1,550” F 


ipitation of alloying con- 
cladding. 
testing has shown no 
ng dimensional-change 
ulequate strength and 
pper and iron do not 


ct corrosion resistance. 


kel is unsatisfactory be- 
lits In excessive absorption 
d embrittlement of the 


vdding during corrosion testing. 


Th-U Elements for SRE 


lr} dius Reactor 


thorium-rich, thorium- 


Ixperiment 


s as part of its program 
materials for long 
gh temperature, 
has promising properties 
of service—face-centered- 
crystal structure, high melting 
1,700° C) and no phase changes 
1.400° ¢ However, there is a 
temperature irradiation 
irradiation slugs are 
6.00 in. 


sition is 7.6 wt % highly en- 


ter and long. 
Density is 11.9 gm 

temperature will be 
510° C at the 
As the data is developed, this 
The alloy 


not representative of a 


Cak 1el 


it the center anc 


iperature may be raised. 
mposition 
wer plant; in the latter 


irge-scale 


use, 3-5°% uranium would be used. 
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The solubility of uranium in thorium 
at room temperature is <1% and in- 


~1.5% at 600° ( 


creases to / The ex- 


cess uranium is homogeneously dis- 
persed as a finely divided second phase 
The alloy is prepared by vacuum-induc- 
tion melting in graphite crucibles 
Only the tapered bottom of the mold is 
coated with BeO or magnesium zircon- 
ate; the tapered design provides a lead- 
ing shape for extrusion. A homogene- 
ous ingot is produced by pouring at a 
minimum superheat into a cold mold. 
Because of migration of radium isotopes 
and other daughter products of Th?*? 
during melt, the ingot surface is highly 
radioactive. Special handling precau- 
tions include gloves and respirators. 
The machined ingot is placed in a 


16-gage-wall copper can to minimize 
oxidation during preheat and extrusion. 
The canned billet is given an extrusion 
preheat of 870° C for 3-4 hr and then 
extruded in a 1,000-ton press through 
a 0.850-in. die preheated to 260° C. 
The reduction ratio is 30 The rod is 
then swaged to 0.750-in. diameter and 
cut to 6-in. slugs 

Direct vacuum-casting of the slugs 
is being considered as a future low-cost 
However 


fabrication method major 


problems are alloy homogeneity and 


mold materials. 


UO.-SS Fabrication 


Powder rolling has been found to pro- 


vide UO,-stainless steel dispersions 
with good quality control and fairly 
low production costs using standard 
fabrication equipment (784 \l- 
though developed for thin-walled tubes 
(0.0175-0.0185 in. thick 


can be applied to plates and other 


the technique 


geometries. It is possible to form 
higher UO, percentages than are com- 
mon to plate-ty pe elements 

The nominal composition of the tube 
cermet is 25% UO: and 0.1% boron as 
B,C. High-fired UOs, of particle 
14-88 other 


oxide particles did not stand up under 


size 
microns, is used sine 
the fabrication. 

The stainless powder is commercial- 
grade high-silicon 304. Atomized 
stainless is selected to ensure chemical 
composition and to limit particle size. 

Close control of powder character- 
thickness 
uniformity required within the green 
rolled strip is + 0.001 in 
is blended in a 


istics is essential since the 
The powder 


pack 


varies 


l-quart “L” 
blender for ~1 hr. Density 


2.86-3.00 gm/cm' and flow rate varied 


23.40-26.50 sec/50 gm in 107 lots 
Following rolling, the strip is sin- 
The 


strip is then sheared and machined to 


tered and rolled to full density 


close tolerance to assure bonding after 
tube forming. The surface is chemi- 
cally cleaned to permit good metal-to- 
metal contact with the cladding and to 
remove UO, particles that might pene- 


trate cladding. 
Gas-Pressure Bonding 


Developed for cladding fuel elements 
gas-pressure bonding (788) entails seal- 
ing the parts to be bonded in an enve- 
lope, which is evacuated and heated to 
the bonding temperature in gas at 700- 


FIG. 3. Uranium metal elongation un- 
der irradiation as influenced by fabri- 
cation history 


FIG. 4. Effect of irradiation tempera- 
ture on swelling of uranium compacts 
prepared by hot-pressing uranium hy- 
dride powder 


atmosphere pressure. The method has 
the advantages: 

1. Complex shapes are easily pro- 
duced, 

2. Brittle materials can be clad. 

3. Close dimensional control can be 
achieved. 

4. Cost is low. 

The bonding temperature must be 


high enough so that plastic flow of the 


materials occurs rapidly (850° C for Zr 


alloys). Surface preparation is impor- 
tant—pickled and grit-blasted Zircaloy 
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FIG. 5. Irradiation effect on density of 
U-10wt %Mo (fuel for Enrico Fermi reac- 
tor) as function of irradiation tempera- 
ture and burnup 


surfaces are slightly contaminated and 
bond poorly; grain growth does not 
occur between cold-rolled surfaces; ma- 
chined or abraded Zircaloy bonds 
perfectly. 

Other than zirconium, goud 
have been achieved with 
stainless steel, molybdenum and _ nio- 
bium clads. They have been applied 
to cermets and uranium dioxide 

Dispersions have been clad without 
the severe stringering encountered in 
conventional techniques. Materials 
handled have been Ti-B clad wit! 
nium and U-alloy—UO, clad with mo- 
lybdenum and niobium. 

Gas-pressure bonding is most promis- 
ing for bonding and cladding subassem- 
blies in one operation. 
shown in Fig. 2. The assemblies are 
as strong as those prepared by other 
techniques and far more accurate. The 
process also promises to be much less 
expensive. 


Irradiation Effects 


Irradiation investigations of fuels : 


Argonne National Laboratory (7890 


bonds 


aluminum 


tita- 


An example is 


FIG. 6. Porosity growth in UO» under irradiation. 
when element ruptured at 1,000—-1,500° C; burnup was 12 at %. 


have emphasized high burnups at ele- 
vated temperatures, as would be neces- 
sary for low fuel costs for civilian power 
reactors 
Most irradiations have been made on 
lindrical specimens 1.00 in. long with 
0.125—-0.250-in. 


diameters, usually in 


Nak capsules. In the case of thermal- 
ictor fuels, attention has been mainly 
onfined to uranium that is unalloyed 
or has small alloy additions. 
Unalloyed uranium. 
the dependence of irradiation effects on 


Figure 3 shows 


the fabrication history of wrought 


uranium. Quenching decreases length- 
wise growth considerably, but consider- 
roughening develops. 


Recrystallized specimens display essen- 


able surface 


tially the same behavior as unrecrystal- 
lized specimens. Specimens rolled at 
600° C display intermediate effects. 
Density changes are essentially inde- 
history—ini- 
~4.8% per 


pendent of fabrication 


tially, density decreases 
at % burnup; after 0.5 at %, the rate de- 
creases so that at 1.8 at% burnup den- 
sity has decreased only about 3.9%. 

Irradiations were made on compacts 
prepared by hot-pressing uranium and 
uranium-hydride powders. Under ir- 
radiation, full-density and less than 
full-density uranium-powder compacts 
shortened in the direction of pressing 
Specimens prepared from uranium hy- 
dride all elongated under irradiation in 
the pressing direction; as shown in Fig 
1, density changes were dependent on 
irradiation temperature. High volume 
increases were the result of central void 
formation and a surrounding zone of 
porosity—probably the result of nucle- 
ation and growth of bubbles of volatile 
fission products. 

Fermi reactor fuel tests. Previ- 
irradiation tests had shown 
U-10wt %Mo to be a promising fuel for 


ous 


Particle at left was unconfined 
At right, unclad 


UO;-stainless-steel dispersion irradiated to 19 at% burnup at 300° C 


100 


the Enrico Fermi fast: breeder reactor 
Subsequently, the material was sub- 
mitted to 


burnups (622 


higher temperatures and 


Tests of burnup up to 2.5 at % showed 


irradiation 
treated alloy 
600 + YO” 


stability of 


to 2 at% burnup below 


good 


gamma- 
Large changes, such as 
swelling or rupture, occurred at burnups 

0.8 at% at 700° C. 


in material restrained by 


Ruptures o 
curred 8-mil 


cladding or fabricated improperly 


Figure 5 shows density effects 
Physical property changes were re- 
lated to the of the 
material, total burnup and in-pile tem- 
Marked reductions in duc- 
tility and strength were noted, although 
the part 


initial condition 


perature 


layed by temperature is not 
clear 

Irradiation effects in UO,. 
carried out by 


Irradi- 
Knolls 
Atomic Power Laboratory of UO, pow- 


ations were 


ders produced by low-temperatur: 
lation of U metal and of high- 
density UO, dispersed in stainless steel 
616 

The powders, put into the reactor at 
60% of 


steam Oxi 


theoretical density, sintered 
The fractured 
The 


was 


to form a porous mass. 
dispersion particles also sintered 
sintering rate under irradiation 
much greater than temperature alone 
could have caused, 

The UO, particles also become quite 
This is 


aggiomeration 


porous during irradiation 


caused by fission-gas 
and is affected by burnup, irradiation 
time, restraining pressure 

The porosity be 


10-20 % 


temperature 
and fission density. 
comes very prominent at 
burnup, regardless of other conditions 

Figure 6 (left) shows a UO 
irradiated at 1,000°-1,500° ¢ 


completely unconfined due to 


particle 
that was 
fuel-ele- 
ment failure The UO, has undergone 
gross swelling without fracture because 
of irradiation-induced plasticity. 

For low-temperature _ irradiations, 
pores are small and uniform in size and 
distribution. At higher temperatures, 
pores are larger, poorly distributed and 
of varying size. The porosity of un- 
confined particles is similar to that for 
high-temperature irradiation; Fig. 6 
(right) is a good example of this where 
differences in porosity are caused by 
variations in restraining pressure 

High fission density also causes pro- 
nounced plastic deformation of UO, 
Figure 6 shows such flow where a parti- 
cle is confined on all sides but one by 
the stainless steel matrix. 
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France Plans Fuel Modifications 


Paralleling British development, 
French efforts are concentrated on clad 
uranium elements for gas-cooled re- 
actors 

The table 
characteristics of 
Meg-Zr, 


those of a 


fuel element 
current type 
tube) with 
contemplated type for 
pressurized-gas reactors (1157). 

The contemplated fuel elements may 
use beryllium or possibly zirconium 
alloys as jacket materials. Beryllium 
without difficulty and with- 
stands CO, corrosion at 600-650° C. 
finned tubes cur- 
rently appears impossible. Thus, the 
use of beryllium leads to broken-up 
“bunch”’) types of fuel elements. 


compares 
the 
longitudinal-fin 


WwW elds 


Its shaping as 


Uranium-molybdenum (1-1.5%) al- 
loys appear most promising. For a 
jacket temperature of 500° C, the 
bunch shape of fuel elements makes it 
possible 


600" C 


not to exceed a hot spot of 
in the fuel metal. 


Automatic Welding 


The French have developed auto- 


matic welding procedures (1/61) that 
provide fuel-element end welds with 
good mechanical properties and cor- 
rosion resistance. The techniques— 
argon arc, inert-atmosphere argon arc 
and electronic bombardment—are ap- 
plicable to uranium, magnesium, alu- 
minum, beryllium, stainless steel, zir- 
conium and refractory metals. 

Argon arc. This method is used for 
sealing the magnesium-alloy-sheathed 
elements of G2. The unit consists of 
a commercial argon-arec generator, arc 
extinguisher, cam-operated program- 
mer and a machine controlling the 
positioning and rotation of parts. 

Except for inserting the element to 
be welded in the chuck and engaging 
the automatic the welding 
cycle is automatic. This technique 
can be used for aluminum and stainless 
steel, but it is unsuitable for oxidizable 
metals such as uranium and zirconium. 

Inert atmosphere. Argon-are weld- 
ing in an argon atmosphere is suitable 
for uranium and zirconium, although 
electronic bombardment is preferable 


device, 


Germany Uses New Fuel Type 


An interesting German project is 
the pebble-bed the fuel is 
an over-all 


reactor; 
described in this section 
description of the reactor is given on 
p. 138). Also noteworthy is a tech- 
nique for bonding aluminum cladding 


to uranium-niobium alloy. 


Pebble-Bed Reactor Fuel 


Uranium carbide in spherical graph- 
ite bodies has been adopted to fuel the 
German (AVR) rare-gas-cooled, high- 
temperature pebble-bed reactor (1006). 

The this fuel form are 
mechanical strength, resistance to 
thermal shock and radiation damage 
and ease of charging and discharging 
The fuel must operate at 
& maximum surface temperature of 
1,100° C 

The graphite bodies have a diameter 
The fuel, 20%-enriched 
UC mixed with carbon, is inserted into 
a borehole in the sphere. The bore- 
hole is not completely filled to avoid 
It is hermetically 
sealed by a plug cemented into place. 

Synthetic reactor graphite will be 
Required mechanical crushing 
strength is 200 kg/em*. Specific sur- 
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virtues ol 


the reactor 


of 5-6 cm 


mechanical stress. 


used. 


face area of the spheres is 100-300 
cm*/gm fissionable material. 

Specific output of the fuel is set by 
the maximum possible fuel tempera- 
ture, which is a function of the fuel 
vapor pressure. Apn initial specific out- 
put of 2 kw/gm of fissionable material 
should be readily attainable—the maxi- 
mum calculated output is many times 
higher. 

The fuel bodies should withstand a 
dose of at least 5 X 10*' nvt. 
even the coldest fuel bodies will be 
at 300° C, 
neglected. 

Contamination of the gaseous cool- 
ant must be tolerated because of diffu- 
sion through the graphite. Chief con- 
taminants will be the gaseous fission 
products Xe and Kr. Most other 
fission products form stable carbides, 
which, like UC, have a low diffusion 
rate in graphite. Among the non- 
gaseous fission products, Te, Se, I and 
Br form no stable carbides and diffuse 
at an appreciable rate. 


New Bonding Method 


Although the Al-canned, natural-U 
fuel elements for the Karlsruhe re- 


Since 


Wigner energy can be 





Fuel for Gas Reactors (1157) 


Contem- 
Current plated 


Parameter fuel types types 


Jacket hot spot (°C) <400 500-650 


Max. power density 


(watts/cm?) 80-100 150-200 


Burnup rate (Mwd/tonne): 
U, 15% Mo 1,000—1,300 


U alloys, refractories > 3,000 





for the latter to maintain purity. 

Electron bombardment. Electron- 
bombardment welding is performed in 
a vacuum of 10-5 mm Hg by focusing 
an electron beam on the part. It is 
especially attractive for metals sensi- 
tive to gas contamination. 

Welds obtained with zirconium and 
Zircaloy show ductility 
homogeneity without blister, 
or crack. Uranium and molybdenum 
have been welded successfully. 


good and 


crater 


search reactor (FR-2) are a 
tional research-reactor type, a can-to- 
core bond was developed offering two 
advantages—it protects against ura- 
nium corrosion and prevents uranium 
diffusion into the aluminum (1004). 

The 216-cm-long, 32-mm-diameter 
U-1%Nb fuel cores are canned in 
2S-aluminum. The Al can is 
over the core rods, welded and bonded 
to the rods in a gas autoclave at 
380° C and 150-200 atmospheres. 

The bonding metals are Zn and Sn. 
After surface-cleaning the uranium 
rods, an 8-10 uw Zn layer and then a 
12-15 w Sn layer are vacuum-evapo- 
rated very uniformly onto the surface. 

When drawing the Al can onto the 
rods, deformation splits the oxide layer 
on the Al tube to permit bonding. In 
the autoclaving, the Sn-Zn eutectic 
forms around 200° C. At 350° C, 
UZn intermetallic and a mixed crystal 
of Sn and Al form. 

The shearing strength of the bond is 
~2.7 kg/mm?. In a test of 1,000 hr 
at 100° C, no changes in the bond were 
detected. At 350° C, there was slight 
weakening; at 450° C, there was bond 
separation. 


conven- 


forced 
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United Kingdom Gives Fuel Experience 


A noteworthy British 
design (73) is the difference in approach 
between stacked fuel elements (Calder 
Hall, Bradwell) and individually sup- 
ported elements (Hunterston Stack- 
ing offers simplicity but subjects the 
elements to strain. 
port involves additional complications 
in manufacturing and charging and 
discharging—additional life of 200-300 
Mwd/tonne is necessary to justify the 
extra cost. 


aspect ol 


Independent sup- 


In-Pile Experience 


During the past five years, irradiated 
fuel elements have 
from Windscale and Calder Hall (50 

Since startup, fuel element failures 


been examined 


NG 


FIG. 1. One type of Windscale fuel- 
element failure—endcap rupture caused 
by can weakness and _ irradiation 
growth; radiograph of two ends shows 
extension at one end 


at Windscale have been <0.1%. At 
Calder Hall, only 13 have failed or 
been suspected of failure out of 
~30,000. Other than failures, irradi- 
ated elements have examined 
for surface wrinkling, metallographi: 
structural changes, density and dimen- 
sional changes and creep. 

Failures. Some fuel-element fail- 
ures are shown in Figs. 1 and 2. Most 
of the information on failures has come 
from the study of Windscale elements. 
The failures fall into the types: 

1, An early type of failure 
circumferential tear around the end of 
the can due to large wrinkles. This 
involved over-all core-length increases 
of up to 0.3 in. 
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been 


was a 


2. Fabrication of one group of ele- 
ments caused thinning of the can wall 


near the endcap. Strains arising dur- 


ing a comparatively short irradiation 
period were sufficient to cause fracture 
3. A break in the medium separating 
the Al can from the uranium permitted 
UA; 
volume increase and embrittlement 
4. In a batch of elements fabricated 


formation of with resulting 


by a particular technique, irradiation 
growth plus a local weakness in the can 
Fig. 1). 

In the case of Calder Hall, pinpoint- 


ing the 


caused rupture 


failed cartridge among the six 
discharged from a channel is difficult 
Radiography is successful if oxidation 
In other 


Nas ¢ | anged the core profile 


FIG. 2. Inside surfaces of cans cut 
from Calder Hall elements. Top can 
is from sound element; bottom one is 
from defective element in which oxide 
patches are evident 


cases, all the cartridges were decanned 
and the inside of each can inspected 
Fig. 2). 
detector 
background. 


In these cases, the failure- 
signal rose slow ly above 
In several cases, failure was due to a 
In the re- 
mainder, neither can nor fuel appeared 
to suffer any significant change. Most 
failures have been attributed to fabri- 
cation defects. 
Wrinkling. 
elements of cast material developed an 
irregular wrinkled appearance after 
irradiation. This has been related to 
large-grain-size uranium. 
It has been corrected by beta quench- 
No wrinkling has been observed 


poor weld at the endcap. 


Some early Windscale 


growth in 


ing. 


in Calder Hall elements, which are 
heat treated 

Density. Small density decreases 
have occurred in Windscale elements 
The effect is greatest at 150—-200° C 
0.7% for 1,000 Mwd/tonne 
220 holes, 10-2-10~* 


with 


and 
Irregular 
associated 


mm? and frequently 


inclusions, are believed related to ir- 
radiation growth. 

Dimensions. Length changes in 
cast-and-machined bars have 


above 1g for 1.000 


only oc- 
casionally been 
\Mwd usually a length increase 

Creep. In the Calder Hall 


six elements 


tonne 
reactors 
each weighing 14 kg, ar 
stacked vertically in each channel 
Radial arms provide lateral support at 
Mean can- 
surface temperatures range from 250° ¢ 
for the 100° © for 


the element next to the top 


the top of each element 


bottom element to 
During 
initial reactor was found 
that for an 
bow of 0.025 in., a bow of 1 in 


develop after ~550 Mwd/tonne As 


operation it 


element with an initial 


would 
a remedy, a magnesium-alloy brace 
was attached to the middle of the can 
No observations of its effectiveness 


have vet been made at high irradiations 


Irradiated-U Swelling 


A problem that will assume even 
greater significance for British reactors 
at necessarily higher burnups is swell- 
ing of metallic uranium. The 
tant 


are recognized, but a complete quanti- 


impor- 
mechanisms leading to swelling 
tative description cannot yet be given 
S81) 
Volume 
exerted by bubbles of fission product 


increase due to pressure 
gas has been calculated on the basis of 


a number of assumptions. Several 
conclusions have been drawn regarding 
the 
tures and low irradiation rates, creep is 


At low temperatures and 


mechanism. At high tempera- 
dominant 


high irradiation rates, swelling is 
smaller for a given burnup; plastic flow 
then 


However, for uranium to become en- 


becomes a_ significant factor. 
tirely plastic, a burnup rate of 1% ina 
few weeks would be required; thus, 
creep is always likely to be important. 
3 shows uranium swelling 

for two 


Figure 
calculated rates 
from data. 
The 2% inclusions by volume assume 
British uranium 
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irradiation 
measured creep-strength 


normal 2% non- 





FIG. 3. Swelling calculated from ura- 
o 


nium-metal tensile creep data for 0.3% 
burnup 


inter- 
As indicated by 


lusions and 0.8% 


particles 
tonne curve, a typical gas- 
ctor rating, swelling is greater 
of irradiation. 
calculated results show that the 
chanism plays no part in 
mperatures below 400° C. 
urge volume 
600° C and 
observed results. 


Spiral-Finned Fuel 


\ significant increase in power out- 
‘ore volume over Calder 
been achieved for gas-cooled 
reactors under con- 
Bradwell (Fig. 4), 
a polyzonal-spiral-finned 


3 ‘ 


r rate Ss 


swelling at t 


However 
edicted at 


increases are 
above, in 


agreement with 


put per unit 
Hall has 
lustrial power 


struction gz 


lesign consists of a smooth- 
with helical fins slotted to 

ymmodate longitudinal fins (split- 
rs) extending the length of the ele- 


Spiral-fin 


bore Darrel 


FIG. 4. Bradwell polyzonal spiral-finned fuel element 


ment. The helical fins are of small 
enough diameter to leave an annulus 
between their outer edge and the fuel- 
channel wall. The splitters 
from the barrel close to the channel 
wall. Thus the flow the 
element is divided into four zones in 


extend 


gas about 
each of which the gas follows a helical 
path. This provides good heat trans- 
fer by continuously replacing gas in 
the helical grooves with gas from the 
main stream. 


Bradwell Power Station 

The Bradwell reactors (263) use the 
spiral-and-splitter fin design (Fig. 4). 
(Over-all description of Bradwell is 
given on p. 132.) 

The higher heat-transfer coefficient 
of the fin design has made it econom- 
ically possible to use a uniform channel 
diameter throughout the 
to raise the outlet-gas temperature. 
The spiral fins accommodate uranium 
growth, and the splitters prevent bow- 
ing of the lower stacked elements. 

The natural-uranium-metal rods are 
1.155-in. diameter and 36 in. 
The finned cans are magnesium alloy. 
The elements are stacked eight to a 
channel. The initial mean irradiation 
will be 3,000 Mwd/tonne. 


Hunterston Fuel Element 


Although the Hunterston reactors 
(described on p. 134) direct 
descendents of the Calder Hall units, 
design changes in the natural-uranium, 
magnesium-alloy-canned fuel elements 
(1523) contribute to the more efficient 


core and 


long. 


are 





Improved Design—Higher Efficiency 


Calder Hall Hunterston 


408 
480 
336 
140 
Avg. life (yr <i 
Max. burnup (Mwd/tonne) 


Max can temp 
Max. U temp. (°C 
Gas outle temp 


Gas inlet temp 


Hinkley Point 
430 
600 
are 3 


373.3 
178.9 


Bradwell 
454 420—450 
569 
391 
204 

5 


4,500 


390 
180 


>3,000 3,000 
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operation of Hunterston, as indicated 
in the table. 

Problems imposed by these oper- 
ating conditions are bowing of stacked 
elements, uranium swelling and oxida- 
tion and creep of the magnesium. 

Bowing is prevented by supporting 
the elements individually in graphite 
means of beam supports. 
flow in the 
moderator 


sleeves by 
To control gas 
between the 
blocks, the 
will be reduced to l¢ that of reactor- 


annulus 
sleeves and 
sleeve-graphite porosity 
grade graphite. 

Fuel swelling will probably be the 
limiting factor on fuel-element life. 
Swelling should not exceed ~15 vol &% 
after 4,500 Mwd/tonne at the high- 
est operating temperature. This can 
probably be accommodated by the can. 


FIG. 5. Hunterston fuel element is indi- 
vidvally supported in graphite sleeve. 
Sleeve and element discharge as unit 
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Pu recycling will not be economically beneficial in 


slightly enriched light-water reactors. 
future of the U***—Pu and the Th-U® 


PWR Survey 


The most ambitious study in terms 
of numbers of fuel-cycle concepts 
studied was reported by T. H. Pigford 
et al (1016). They considered for a 
single region pressurized water reactor 
all the possible combinations of three 
sets of alternatives: HO or D,O, U*** 
or Th fertile material, once-through or 
recycle fuel-flow scheme. The 
ence design was a 480 Mw(th) reactor 
with 22,000—33,000 kg of fertile mate- 
rial. The light-water cases used mixed 
oxides of fuel and fertile material clad 
in stainless steel. The D,O designs had 
Zr-clad U metal or U**-Th alloy. 

The reactivity lifetimes of the four 
single cycle systems are plotted as a 
function of fuel enrichment in Fig. 1. 


refer- 


The economic 


H,O-U*"* design. 


operation, the H.O reactor with U** 


For once-through 
feed was found capable of quite large 
reactivity lifetimes for fuel enrichment 
in the range 2.28-8%. Economic con- 
siderations predict an optimum lifetime 
of around 30,000 Mwd/ton (at an en- 
richment of 4.5%). For these condi- 
tions the net fuel cost is estimated to be 
2.6 mills/kwh with Pu at $12/gm or 1.4 
mills/kwh with Pu at $30/gm. 

If the Pu is recycled in this reactor 
with enough U**® makeup added to 
each cycle to give a 6,000 Mwd/ton 
cycle time (initial enrichment 2.6% 
the U**5 requirement would be reduced 
9% for the first recycle. At the end of 
the tenth recycle, the U?** and Pu con- 
centrations would have leveled off to 
about 1.5% and 1.0% respectively. 





Experiments Check High Burnup Calculations 


The Canadian group (205) reports on experimental irradiation of 
natural U to check the validity of long term reactivity calculations. 
(Such calculations provide estimates of reactivity lifetime by using 
basic nuclear data to calculate changes in core composition.) 


Fuel 


reactor types, however, looks more promising. 





specimens irradiated as high as 6.000 Mwd/tonne (5,400 Mwd/ton) were 
subjected to chemical and isotopic analysis and reactivity measure- 
ments in a pile oscillator. The resulting data allows predictions of the 
neutron balance in natural U for irradiations up to 8,000 Mwd/tonne. 

The results were compared with predictions based on detailed calcu- 
lations of neutron absorption in an NRX rod, taking into account time 
variations in the flux distribution and spatial composition. 

The calculated and experimental values for the concentrations of 
Pu*®, Pu, Pu*! and Pu?“ at high burnup agreed to within 1%. How- 
ever, the experimental and analytical predictions of the net effective 
absorption cross section for the highly irradiated uranium differed by 
30% (the calculations underestimate the reactivity lifetime.) Agree- 
ment with the experimental data can be forced by changing the 
fission-cross-section and » ratios for Pu*** and Ua few percent. The 
Canadian work suggests that small errors may be present in’ the 
world-average values of these parameters. 
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T hese 


are the conclusions drawn from a number of studies by 


* cycles for other U. 


S. authors on recycling operations 


Fuel costs for Pu recycling at 6,000 
Mwd/ton would be about 1 mill/kwh 
higher than the once through fuel cost 
with Pu $12/gm. This difference is 
due mostly to the factor of two larger 
fabrication charge assumed for recycled 
At 32,140 Mwd/ton burnups, re- 
the 


in spite of 


fuel 
cycling breaks even with once 
through $12/gm operation 
the fabrication charge penalty 
D.O-U*** design. Although enrich- 
ment considerably extends the lifetime 
of this reactor (see Fig. 1), the authors 
found that natural U was the best fuel, 
the 


In the recycle operation con- 


because of low feed-preparation 
cost. 
sidered all the Pu from the previous run 
was fed back with the natural U feed 
for the next run. As the Pu built up 
the lifetime increased from the initial 
value of 5,000 Mwd/ton to over 13,000 
Mwd/ton at the end of the fifth cycle 

The minimum once-through fuel cost 
for Pu at $12/gm would be 1.7 mills 
kwh, 0 8 mills/kwh lower than the light 
water case The D,O design however 
would incur an additional expense of 
0.6 mills/kwh for heavy water inven- 
tory and makeup. 

The fuel cost for this reactor with 
Pu recycling is slightly (~0.2 mills) 
smaller than the 1.7 mills quoted for 
once-through operation. 

H.O-Th design. The reactivity life 
as a function of enrichment 
similarly to the U-fueled H,O design. 
On a once-through basis, the minimum 


behaves 


fuel cost, which occurs at burnups of 
30,000-40,000 Mwd/ton, is 3.5 mills 
kwh (including a U credit of $10/gm). 

The method of U***-U*** recycling 
studied was to enrich the Th feed with 
the recovered uranium and enough 


makeup U*** to give the same initial 


September, 1958 - NUCLEONICS 




















at the beginning of 
Although the amount of 


excess reactivity 


is considerably reduced 
evcles by U3 build- 


the lifetime per cycle is also reduced. 


im her ; 
I rT] ol 


this mode of recycling 
sts turn out immoderately 


g \ possible criticism of this find- 
g is that t initial cycle time chosen 
»,000 Mwd/ton) may be too short to 
economically realistic ; investigations 
B & W (see below) for a zirconium- 
id H,O-Th system recycled at high re- 


t ’ 


es are more encouraging. 


D.O-Th design. Compared with the 


D.O reactor, the attainable 
ufforded by additional enrich- 

8 ich greater. The minimum 
through fuel cost for this design 
31,000 Mwd/ton and is 1.5 

s/kw this compares favorably 
the 1.7 mills quoted for the U 
1D.0Or tor at 11,500 Mwd_/ton. 
suthors found that, for an initial 


1,060 Mwd/ton, the recovered 
cycled with the Th 
makeup U2**, 
n ratio is somewhat 


| } he re 
without adding 

in 1.0. however, the reactivity 

s shar “ ith successive cy cles 

Af tivs ak, l¢ 


; +} 


< as f 


for instance, the re- 
an 2,000 Mwd/ton. 
ithors conclude that the natural- 
U-fueled D,O system is the only one of 
systems studied that can operate 

it enriched uranium feed. 


Light-Water Recycling 


Impres y detailed physics calcu- 
, s the General Electric Co. 
in agreement with Pig- 

et al, that Pu recycling would 


omic advantage (at to- 
low enriched light- 


paper 


pointed out that 
es which supported more 
ptimistic conelusions did not properly 
unt the resonance region 
important in close-packed light- 
ittices. The authors feel it is 
eCSS8al valuating effective cross 
tions, for instance, to consider the 
geometric shielding and 
utron spectrum produced by 
isotopic Al- 
uugh satisfied that their treatment 
nated all major oversimplifica- 
ons, they point out that the results 

subject to large uncertainties be- 
basic nuclear input data. 
for Pu*! would 


z 


compositions. 


ause of the 


error in @ 
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FIG. 1. 
water reactors. 
tively as the fertile materials. 
spective fertile materials are U*** and Th 


change the reactivity by 2% 

The authors followed the composi- 
tion and reactivity history for reactors 
covering a range of light water lattices. 
With a physical plant lifetime of 80,- 
000-100,000 Mwd,ton and a recycling 
4,000-8,000 Mwd ton 


tor would be recy¢ led 10-25 times dur- 


time of a reac- 


ing its existence. Characteristically 
the reactivity reaches a constant value 
after 20,000 Mwd, ton and the core iso- 


topic composition approaches steady- 
state values after 40,000 Mwd/ton. 
The survey calculation results were 


used to make economic comparisons 
for a specific boiling water reactor de- 
sign [630 Mw(th); 1,015 psi; 2.0 water 
fuel ratio; Zr clad UO,-PuO, Neg- 
lecting any cost penalties for handling 
Pu, the 


most economic 


and fabricating radioactive 
authors found that th 
recycling scheme would use enriched U 
makeup along with the Pu feed; the 
amount of enriched require d, however, 
would be cut by a factor of five from 


nonrecycle operation. Even for this 


Reactivity lifetime vs. fuel enrichment for four different types of pressurized 
Curves | and Il have an H,O moderator and use U*** and Th respec- 
For curves Ill. and IV the moderator is D:O and the re- 





optimum scheme, the total fuel-cycle 
cost would be slightly greater than the 
cost for nonrecycle operation with the 
Pu sold at $12/gm. Both modes of 
operation appear capable of fuel costs 
below 2 mills/kwh, based on projected 
fabrication and processing costs. Re- 
cycling on natural U makeup alone, a 
cycle of great interest to foreign pro- 
grams, appears limited to cycle times 
of 4,000 Mwd/ton and has fuel costs 
double the slightly enriched scheme. 


H.0-Th Experiments 
Experiments and calculations by the 
Babcock & Wilcox Co. (2405) have 
yielded estimates for the reactivity life 
and conversion ratio of pressurized 
water UO.-ThO, cores. The authors 
conclude that recycling of the U 
topes (with fission products removed) 


1sO- 


in a zirconium-clad thorium core will 
give an average conversion ratio of 
about 0.8 for 18,000 Mwd/ton exposure 
The U™ 


per core loading will come to 70 kg or 


after three recycles. makeup 








l 233, 


allowable Th/U*" ratios. 





Starting a Th-U*** Cycle With 20% U 


A strategy for switching a single region graphite reactor, such as 
West Germany's high-temperature pebble-bed design (see p. 138), from 
20% U fuel to a Th-U*" breeding cycle has been described (961). 

The reactor would begin operation as a converter with a fuel charge 
containing separate Th and 20% U graphite fuel pebbles. 
the Th ratio can be made high enough for a reasonable core size and 
power density, most of the neutrons will be captured by Th to produce 
rather than by U*** to produce unwanted Pu*". 
parametric study showed that reactor physics and engineering condi- 
tions could be satisfied for Th/U*" ratios as high as 5-10. 
of this size the author believes that the transition to a Th-U*" breeding 
cycle would be possible within a reasonable length of time. 
estimate of the time needed for a particular reactor design depends 
strongly on the influence of fuel element self-shielding factors on the 





Provided 


A one-group 
With a ratio 


An exact 

















burnup. 


Pu?” = 0.217 Pu’ = 0.139 


Brookhaven National Lab 


%=230b 2 = 184b a. 


& = 0.80 





Properties of Plutonium Sub Infinity 


Pu, has been suggested as a symbol for steady-state mixture of Pu 
isotopes produced when Pu is exposed for a very long period to a thermal 
neutron flux with fresh Pu’ continually added to compensate for 
Using the following isotopic mole fractions: 


461) has calculated effective values of the 
basic nuclear constants for Pu. as follows: 


X\ = 8.69 X 10-" sec 4 = 253 yr 


Pu™' = 0.051 Pu*? = 0.593 


‘4b *=2.89 4 = 1.61 








0.23 gms per Mwd of heat (or about 
0.7 mills/kwh). 

The predictions were based on data 
from several enriched uranium-tho- 
rium-water critical Infi- 
nite medium lattice parameters wer 
measured for cores containing thorium 


assemblies 


metal and for cores containing thorium 
oxide. The oxide cores used pin-type 
elements containing pellets of highly 
enriched uranium oxide-thorium oxide 
fuel; the cladding was stainless steel 
The reactivity life of an oxide tho- 
rium converter can be twice as long as 
the life of a U*** converter having the 
same initial excess reactivity. Three 
factors contribute to the longer reac- 
tivity life of thorium: 
e The thorium conversion 
higher by as much as 0.2. 
e U*** has a larger 7 than Pu**®. 
© More fuel is required in the thorium 
core to give the same excess reactivity. 
As an example, a zirconium clad 
thorium core with an enrichment of 
3.3% would have an initial 15% k., 
and would run for 20,000 Mwd/ton; a 
U**8 core of the same life would require 
a fuel enrichment of 2.7% and would 
have a 36% k,,. Partial reloading of 
the core will reduce the excess reactiv- 
ity that has to be controlled. 
stance, partial reloading of 1< of the core 
at a time cuts the maximum k,, re- 


ratio is 


For in- 





Materials for H,O-Th Core 





Initial Core First Recycle 
0.73 
Initial Final 
(kg) (kg 


CRavg — 0.68 
Initial Final 
Isotope (kg) (kg) 





i as 0 52 170 ~ 211 
u= 0 12 31 
Us 476 7 272 
Us 0 56 83 
Pa** 0 1 18 
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quirement to about 6 % for thorium and 
18% for U*8. The table shows the 
material balance for the first recycle for 
an 18,000 Mwd/ton Zr-clad core. 


Calder Hall Recycle 


teactivity lifetime calculations re- 
ported by American Standard (1044) 
indicate the Pu recycling in a Calder- 
Hall-type reactor will compare favor- 
ably with selling the Pu at $12/gm if 
Pu fabrication than 
$33/kg. Four different recycling 
considered; the 
scheme was found to be blending 
the Pu with fresh natural U in 
standard Calder Hall fuel elements. 
This would be competitive with selling 
the Pu at the end of each run for $12/gm 
provided Calder Hall fuel elements con- 
taining up to 0.7 % Pu can be fabricated 
for less than $33/kg and fuel element 
life is not limited by radiation damage. 
American Standard feels a realistic 
estimate for this cost is $20/kg. 

The power density in a Calder-Hall 
type reactor is so low that over a 
entury is needed to reach equilibrium 
Pu concentrations. The first six core 
cycles would cover a period of 72 
For a $20/kg fabrication charge 
the average fuel cost with Pu recycle 
over this period would be 2.60 mills/ 
kwh; if the Pu were sold at $12/gm 
the fuel cost would be 2.94 mills/kwh. 
This implies a value of Pu for Calder 
Hall reactors of about $24/gm. 


Th-U*" Economics 


Other work by American-Standard 
1044) finds that thorium converters 
will achieve a fuel cost competitive 
with conventional fuel in the U. S. 
provided they can attain a fuel ex- 
posure of 20,000 Mwd/ton of Th and a 
conversion ratio better than 0.8. This 
conclusion resulted from detailed esti- 
mates for the present day and long 


costs are less 


schemes were best 


years 


range costs of the various fuel proc- 
essing steps in the Th-U** cycle. 
Although the calculations were made 
for a hypothetical sodium-graphite 
converter (operating on thorium en- 
riched with 2.3% U** with a lifetime 
of 20,200 Mwd/ton), the conclusions 
would be valid for any converter with 
roughly the same lifetime and thermal 
efficiency. In the cycle U2 
makeup is added to compensate for 
The 
fuel 
processing costs at about $89/kg for 


fuel 


conversion ratios less than 1.0 
authors estimate present day 
ThO, (exclusive of fabrication costs): 
the long range value is put at $50/kg. 

If the above reactor has a conversion 
close to 1.0 it could afford to 
spend as much as $182/kg of Th for 


ratio 


fuel fabrication on top of the present- 
still have 
be low 2 0 


day processing charge and 
a total fuel-cycle 
mills/kwh (the competitive 
the U. 8.); the long range figure would 
be $220/kg. For a reactor 
conversion ratio of 0.8, the allowable 


cost 


level in 
with a 


present-day and long range fuel fabri- 
cation charges would be $113/kg and 
$152/kg 


mote fabrication, these charges look 


respectively. Even for re- 
not unreasonable today and should 
certainly be attainable eventually. 


LMFR Pu Fueled 


Brookhaven National Lab (461 
suggests that the LMFR concept would 
have important advantages as a Pu 
burner The 
of these would be the elimination of 
BNL points 
out that this is especially important 


and converter. biggest 


remote fuel fabrication. 


for the steady-state Pu isotope mix- 
ture 
dred times more radioactive than pure 
Pu?** (see box 

The Brookhaven Pu version of the 
LMFR (NU, April ’56, 72 
single fluid reactor 
moderator and reflector but no blanket. 
The fuel solution would 
2,000 ppm-Pu., 1,000 ppm natural or 
depleted U and Mg and Zr corrosion 


-Pu.., which would be one hun- 


would be a 
with graphite 


consist of 


inhibitors dissolved in liquid Bi. A 
graphite-to-Bi volume ratio of 0.5 
gives a core-plus-reflector critical di- 
ameter of 14 ft and a conversion ratio 
of 0.47. The reactor would yield 1.5 
Mwd/gm of Pu*** feed. Exploratory 
work shows that a Bi solution of 20% 
enriched U would give about the same 
breeding ratio. In terms of this reac- 
tor design, Pu**® would have the same 
value as 20% enriched U or $16/gm. 
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UERN 
\ “Beneva 1958 


~~ — 


CROSS SECTIONS 


1958 Geneva cross sections data 
variety, more accuracy, 
than the 1955 dis- 


Gone was the atmosphere of 


ystery 


iled secrets; instead, this 
lance of data permitted 
to compare results from 

es around the world, and to 
xccuracy and agreement.* 
the agreement was good 
racy improved over the 

s. But there still 
lisagreement—even on such 


were 


meters, for example, as the 
U** and the 
ross section of graphite. 

data 


Resonance 


ss section of 
reas, was not so 
cross section 
m Was scanty and agreement 
or U5, U4, and Pu®®*. Re- 
lesigners found partial cross sec- 
inelastic scattering and 
thin indeed. 


ata on 


apture 


Thermal Cross Sections 


Although knowledge of thermal cross 
sections has always been more com- 
lete than for any other energy region, 
here is still a large amount of effort 
pent on cross sections which are im- 
rtant as standards, such as boron and 
gold, and on those important to reac- 
as those of the fissionable 
iuclides and structural materials. 
Boron. The absorption cross sec- 
tion of normal boron (19.8% B**) is 
essentially due to the B® (n.a) reaction 
Some uncertainty in the boron 
cross section arises from the variation 
in the isotopic abundance of B'® from 
sample to sample—a variation of ~1%. 
The value given in BNL 325¢ is 755 + 
i b, and the value given in the second 


tors, sucl 


} 
aione 


* This summary is condensed from U. N 
Survey Paper 2483, by Donald J. Hughes, 
Brookhaven National Laboratory, Upton, 
N 


Hughes, R 


Y 

tD. J 
tron Cross Sections,”’ 
National Laboratory, Upton, New York, 
1958 


B. Schwartz, “ Neu- 
2nd ed. (Brookhaven 
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1958) edition is 755 2 b, expressed 
in terms of the ‘‘ Argonne-Brookhaven”’ 
standard boron, which has a B® con- 
tent of 19.8 atom per cent 

Graphite. The 2200 meters sec ab- 
sorption cross section of graphite, essen- 
tially the cross section carbon, has 
decreased slowly through the years as 
graphite samples improved in purity. 
Now, however, the process not only 
seems to have stopped, but to have 
itself The 
section quoted in the second edition of 
BNL 325, 3.4 + 0.3 mb 
higher than the 1955 value of 3.2 + 
0.2 mb. 


value still higher, so that it now appears 


reversed somewhat cross 


is slightly 
More recent results push the 


that the absorption cross section should 
be about 3.7 mb. 
ments and discussion will help to estab- 
lish a definite value for this highly im- 
portant cross section. 
Fissionable nuclides. There 
changes in the values for fission cross 
sections of U*** and Pu*** because of 


Further measure- 


were 


recent measurements, and a change in 
the U*** absorption cross section due to 
reevaluation of the U There 
is still rather a wide spread in the re- 


K. value. 


cently-measured values of the fission 
section for U? One paper 
(1599) gives a direct measurement of 
605 + 6 b; this contrasts with Safford 
and Meikonian’s indirect results which 
lead to a value of 581 12b. Finally, 
a Canadian paper (204) presents the 
value of 569 +6 b. Considered by 
themselves, the U. 8S. results are inter- 
nally consistent, but the world results 
are not 

Fission products. For 
operation of high-flux reactors, which 
operate for long times before fuel re- 


cross 


successful 


moval, consideration of changes in re- 
activity resulting from formation and 
destruction of various nuclides is of 
great importance. Although the aver- 
age cross behavior of these 
nuclides in the resonance energy region 
can be roughly predicted from the dis- 


section 


tribution laws of level parameters 
(1036), the cross section in the impor- 
tant thermal region must be measured. 
It is impossible to predict the thermal 
cross section of a fission product, for 
example, because it depends on the 
chance proximity of a neutron reso- 
nance, whose location cannot be pre- 
dicted with present theory. However, 
different for stable 
samples are 


the situation is 
fission products, 
readily available and easily handled, 
naturally they are easier to work with 
than radioactive fission products, which 


since 


are usually available only in small 
highly active amounts. 

The highly-important cross section 
of Xe'** has been measured as a func- 
tion of neutron energy; so have a few 
others, (673) such as Sm'*' and Pm’, 
but for the bulk of fission products, 
thermal cross sections alone are known. 


Resonance Parameters 


Although cross sections of fissionable 
nuclides in the Mev region (where in- 
dividual resonances are not observed) 
are now reasonably well known, our 
knowledge of resonances of the fission- 
able nuclides leaves much to be desired. 
Recent progress, however, indicates 
that in a few years the parameters of 
the fissionable nuclides will be reason- 
ably well known. 

The importance of this information 
to reactors rests primarily in the de- 
pendence of breeding gain and tem- 
perature stability on neutron inter- 
actions in the resonance region. The 
analysis of information on fissionable 
nuclides (for all but the lowest ener- 
gies) is difficult not only because the 
fission width must be measured, but 
also because of the complexity of the 
resonance curves. 

The values presented for the first 
few resonances in U***, U**5, and Pu*** 
do not agree well; for higher energies 
there are still more gaps in the in- 

Continued on p. 126 
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MATERIALS 


Effects of Radiation on Metals 


Recent work at Harwell on the me- 
chanical properties of irradiated metals 
and alloys included a wide variety of 
experiments on both single and poly- 
crystalline metals (80). Hardening of 
copper single crystals by electrons was 
demonstrated, and the role played by 
interstitial atoms and was 
clarified by neutron and electron ir- 
radiation experiments at —195° ( 
Experiments on the effect of grain size 
on irradiation hardening in mild steel, 
and also the temperature dependence 
of irradiation hardening in polycrystal- 
line copper, suggests that there are two 
basic irradiation hardening processes 
locking of dislocation sources and in- 
crease in the resistance of the lattice to 
dislocation movement. 

The experimental details and results 
are given in Table 1. In general, ir- 
radiation provides a marked increase 


vacancies 


in yield strength, a smaller increase in 
ultimate tensile strength and a moder- 
ate reduction in elongation to fracture. 
unusual features, 
were observed: 

® The yield strength of both irradiated 
and unirradiated titanium was strongly 
dependent on the testing temperature, 
and the increase in yield strength pro- 
duced by irradiation was about con- 
stant at 8,000 psi between —80° C and 
+200° C. At 200° C, however, a 
marked yield point was observed that 
was absent at 20° C, 

® Very heavily cold-worked zirconium 
slight reduction in yield 
strength on irradiation, but the rate of 
work hardening after the yield in- 
creased, and the ultimate strength of 
the irradiated material was slightly 
higher at all testing temperatures. 
The most striking difference, however, 


Several however, 


showed a 





TABLE 1—€ffect of 5 « 10!’ n/cm® 


Yield atrength 
Temp x (10° psi) 
(°C) Unirr. Ir 
20 93 
90 80. 
200 70 
200 148 
—195 — 
—78 101 
20 79.3 
200 37. 


20 107 
90 103 
160 92 
200 87 


—195 10.7 
—78 11.2 
20 8 
200 7.4 


—195 38 
—78 

20 36 
200 


on Mechanical Properties 


Elongation 
(%)_ 


Ultimate tensile 
(108 psi) 
Unir? Irr. 
99 
90! 
74 
173 


151 








fracture 
cold-worked zirconium in- 


that before 


of heavily 


was elongation 
creased on irradiation whereas that of 
annealed titanium decreased. 

*The yield strength of unirradiated 
molybdenum is strongly temperature 
dependent. Irradiation increased the 
yield strength throughout the tem- 
perature range but the increase was 
much greater at 200° C (15,000 psi) 
than at 20° C (5,700 psi). This is in 
complete contrast to the behavior of 
such metals as copper and nickel in 
which the yield strength after irradia- 
tion is much more temperature sensi- 
than Irradiated molyb- 
denum also develops a marked yield 
point when tested at 20° C after an- 
nealing at 200° C for 60 min. This is 
attributed to the migration of vacan- 
cies to the dislocations locking them. 
*In both nickel, very 
large increases in yield strength were 
The hard- 


ening was very temperature sensitive, 


tive before. 


copper and 


observed after irradiation. 


being much greater at low tempera- 
-195° C, the increases 
in copper and nickel were 284% and 
193% respectively. 


MTR Materials 


At the time the MTR started oper- 
ating in Idaho, in March 1952, radia- 


tures; e.g., at 


tion damage data on aluminum, stain- 
less steel and beryllium were either not 
available or covered exposures equiv- 
alent to only one or two months 
service in the MTR (1878). Because 
of this fact, it was decided that coupons 
of metals of which the reactor core was 
constructed would be exposed continu- 
ously to as high a flux as possible. 

It was planned to remove sets of 
these coupons after various exposures 
and test them to determine changes 
that had occurred in their mechanical 
properties. It was felt that the condi- 
tion of these coupons at the time of 
testing would approximate the condi- 
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TABLE 2—Effect* of 10-102? nvt on MTR Materials 


Yield 
strength 
0.2% 

offset 


( pat) 


Rock- 


7 
well 


18,100 
18,700 
23,200 
23,550 
26,500 
28,877 
24,000 
24,100 
42,400 
51,000 
36,600 
56,530 
23,200 
5B 25,800 
3B 
4B 
7B >47,800T 
9.2B T 
.4C 66,300 
2.4C 56,900 
5C 98,000 
0.6C 97,300 
8C_ 100,800 
23.3C 106,939 


room temperature 
in grips 


Ulti- 
mate 
tensile in in 
strength 
(psi) (%) (%) 


20,150 
20,350 
26,950 
29,200 
30,400 
33,265 
32,800 
32,000 
44,300 
54,000 
45,000 
60,000 
35,000 
36,400 
51,400 
50,400 





Elon- Reduc- 


gation tion 


area > I 
V aterial 


I in. 


16-1 Croloy 


ne So 
"Zz 


a 
wo 


= - 


Hastelloy-X 


to bo te bo bo to 


CONN AS 
im im © 


Xx* 


Inconel- 


oom ts 
now - 


Inconel-Xf 


K-Monel 


101,800 
89,800 
109,000 
109,700 ! 
107,250 45.0 0x 
115,306 74 29 x 


410 SS 


3.3 X 


. Double aged. 





of the reactor components con- 


cted 


of similar materials. 


he reactor tank, in the vicinity of 


onstructed of 1100 alumi- 

The lower grids supporting the 
reflector (QMV beryllium) and fuel 
elements, and the upper grid locating 
are constructed of 
356 aluminum. Stainless steel (AISI 
347) is used for lifting pins, 
shafts, locating lugs and various posi- 


re, 1s ¢ 


the fuel elements 
Cype 
tioning devices in 


With the 
the 


core components. 
exception of beryllium, all 
the reactor core 
were commercially available. 

Coupons of these four metals were 
placed in a modified reflector piece next 
to the This posi- 
of the highest thermal and 


The 


metals used in 


core of the reactor. 
tion is on¢ 


fast flux regions in the reactor. 


Veutron 
flux 
Mev 


(not) 


¢ 10" 
¢ 10"" 


¢ 10" 
¢ 10% 


x 10" 


¢ 102° 


¢ 10% 


10° 


TABLE 3—Effect of Radiation on Strong Materials 


Ulti- 
mate 
tensile 
strength 

(pst 


Yield 
strength Elon- 
O.2% gation in 
offset 


(psi) 


Reduc- 
Rock- tion 
well 
hard- 


neas 


in I in. 
(% 


area 


S3B 
96B 
95B 
87B 
96B 
99B 
100B 
82B 
96B 
10%° 100B 
107° 101B 
27C 
30C 
30C 
32C 
34C 
34C 
28C 
29C 
26C 
34C 


76,500 
116,600 
108,600 
112,500 
129,300 
130,700 
131,000 

94,900 
113,100 
121,500 
130,000 
170,100 
165,100 
161,300 
184,300 

72,600 
174,000 
163,400 


57,800 36 
116,600 
108,600 14 
49,400 52 
100,200 50 
104,000 43 
106,300 
42,600 
101,100 
120,300 
128,800 
103,200 
143,300 
158,600 
120,300 
154,500 
170,800 
132,400 
168,700 167,600 
167,600 166,500 
177,000 147,700 
194,200 171,200 
201,000 182,800 
204,700 188,900 
204,400 189,300 


102° 


10"" 


1019 
1020 


10" 


10" 
10? 
10% 34C 
35C 


t Singled aged 





room-temperature mechanical proper- 
ties of these alloys before reactor ex- 
posure and after the various exposures 
are summarized in Table 2 

Although changes are evident in the 
properties of the metals, these changes 
have not been great enough to date to 
impair the operation of any structural 
component. 


Structural Materials 


To determine the effects of reactor 
irradiation on the properties of com- 
mercially available structural materials 
that satisfy some of the requirements 
of high yield strength at operating tem- 
peratures, low of thermal 
expansion and high thermal conduc- 
tivity, coupons of these materials have 
been exposed in MTR and ETR (1878). 


coefficient 


The temperature of the samples dur- 
ing reactor exposures was 100° F and 
mechanical testing was performed at 
75° F. All of these materials were in 
the annealed condition except that 
the K-Monel was age hardened, the 
410 stainless was oil quenched from 
1,800° F and drawn at 1,000° F and the 
Inconel samples were either single or 
double aged. 

The results of testing the irradiated 
materials are given in Table 3. These 
materials have been subjected to com- 
paratively very low neutron exposures 
It will be noted, however, that the in- 
crease in yield strengths with reference 
to the increase in the ultimate strengths 
of some of the materials will probably 
prevent their use in highly 
structures in a neutron environment 


loaded 


Heavy-Water Production and Use 


Savannah River 


water is extracted from 
natural the U. 8S. AEC’s 
Savannah River plant using a com- 
bination of three processes (1066): 

1. Dual temperature exchange be- 
hydrogen sulfide and water. 
The product from this step contains 
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Heavy 


water at 


tween 


about 15% D,O. 
tion factors at the two different tem- 
peratures is a measure of the effective 
separation factor, which in practice is 
usually in the range of 1.1-—1.4. 

2. Vacuum distillation (hereafter 
called the DW process), which operates 
with a separation factor of 1.05 at 
100 mm Hg. The product from this 


The ratio of separa- 


step contains about 90% D.O. 

3. Electrolysis (hereafter called the 
E process), which has a 
factor of about 8. The product from 
this step contains 99.75% D.O, the 
desired end product. 

Isotope separation is usually accom- 
plished by means of a cascade, a large 
number of separating steps connected 


109 


separation 





in series. With a dual-temperaturs 
exchange cascade that comprises suc- 
cessively smaller towers, more than 
90% of the separation, and approxi- 
mately the same fraction of the cost, is 
expended in reaching a concentration 
of 1%. Hence, the problem of obtain- 
ing heavy water is essentially solved, as 
regards engineering economics, 
the concentration reaches 1 or 2% 
Beyond this point both the equipment 
and energy required will be small 

The value of the product handled in 
the second process, however, will b« 
correspondingly large, and, for this 
reason, it is important that losses be 
kept to a minimum, and, thus 
consideration should be given to those 
that are simplest to operate and entail 
the least risk of product losses, rather 
than to those that require the least 
energy per unit of separation 

The energy consumption of a DW 
process cascade is high compared to 
some other methods of separation, but 
this is not significant. (This may be 
illustrated by noting that the flow in a 
cascade, at the step where concentra- 
tion has reached 15%, is down by a 
factor of 1,000 compared to the flow at 
the feed point of the cascade 

Energy required by the E process is 
also high per unit of separation. This 
is not significant when handling hig! 
concentrations of D.O, but does be- 
come worth noting if the process is used 
to enrich material containing 1 or 
2% DO, or even 10% D,O. 
nah River confines the use of electro- 
lysis to materials containing at least 
70% D,O.) 

Economics of production. 
vannah River heavy water plant, built 
in 1951-52, cost $164,000,000 
This includes the 
supplying steam and electric power for 
process use. Of this total, about 
$2,500,000 represents the cost of the 
distillation plant and about $1,500,000 
the cost of the electrolytic plant 

The maximum production rate is 
about 1,000,000 lb D.O/yr. Hence, 
the ‘investment per annual pound” is 
$164. 

The operating cost, 
capital charges, is about $14/lb D,O, 
when producing at full 
analysis of the operating cost is shown 
in Table 4. Interestingly, the U. S. 
sells heavy water at a price of $28/Ib 
very approximately the 
River cost. 

Heavy-water recovery. 


110 


once 


first 


Savan- 


The Sa 


(1065) 


cost of facilities 


exclusive of 


rate. An 


Savannah 


Each pro 


duction reactor at Savannah River is 
equipped with two vacuum distillation 
that 
light 


1065). 


towers operate continuously to 


from the reactor 


The two towers oper- 


water 


move 
series The feed is moderator 
the reactor system, circulated 
the reactor through the base ol 
if the towers and back to the re- 
acto! The “ 
the second tower contains about 90% 
DO This 
DW plant for upgrading. 
An entry of 6-8 lb/day of 
water is perhaps a 
ior a 


overhead product ” from 


material is sent to the 


rate light 
reasonable figure 
plutonium-production reactor 
10 The cost of removing the light 
estimated from the ap 
that the 1,000 lb/hr of 


steam used to heat the calandria of a 


water can be 


proximation 


well-designed vacuum distilling towe 
will H,O/day 
99.75 %-D,.0 liquid as a 75%-D-25 %-H 


mixture 


remove 1 lb from a 


It is not absolutely required that the 


} 


moderator be maintained at this pur- 


ity. If a purity of only 99.5% deu- 


terilum is maintained, the size of the 
purification equipment and the amount 
can be reduced by a 


of steam used 


jactor of two As an alternative, th 
entry rate of light water can be allowed 


The 
loss in reactivity that results from this 


to increase by this same factor. 


extra light-water content may com 





TABLE 4—D.0O Production Costs 


Savannah Nangal 
River India 


$/lb DLO) ($/lb DLO 


Feed water 0.40 
Hydrogs n loss 

H.S 0.44 
Inert gas 

Wages 
Electric power 
Steam 
Cooling water 
Maintenance 

materials 

Mise. supplies 


ve rhe id 


Total operating 
Capital charges 


DO 29.§ 27 . 84 


* 10% of “investment per annual pound” 


given in text 





overbalance the savings in 


The 


each 


pletel 
purification equipment. 
1.5-3% for 


increase in H,O 


isotopi 
loss in reactivity is 
mole % 

The 


ot concern 


losses of D,O are another item 


lhe experience at Savan- 
nah River is that losses of D.O during 
the past two years have averaged about 
3 %/ V1 The 


lowest rate of loss from 


any single reactor for a six-month 
period was 2%/yr. These figures are 


based on the total inventory of heavy 
water in the reactor and such associ- 


ated auxiliaries 


India 


A plant to produce heavy water is 


as pumps, piping, etc 


under construction in India, on the 
banks of the Sutlej river, at Nangal, in 
the Punjab (1649) This 


14 metric tons of 


plant is 

expected to produce 
heavy water per year and 70,000 metric 
nitrogen as nitro-limestone 


the fe asibility ol 


tons ol 

Investigations of 
producing heavy water in India began 
1954. At that tim: 


available on only 


early in informa- 


tion was two proc- 


CMSUS 


electrolysis and water distilla- 


tion. Because it was felt that water 


distillation was a very expensive proc- 
ess, electrolysis of water was adopted 
as the method of enrich- 


ment with another, then undetermined, 


primary 


method for final concentration 

In response to an invitation, detailed 
from 
Although 


project were received 
three firms in August, 1956 
all the 


vantage 


reports 


processes suggested took ad- 
of the concentration obtained 
in the electrolyzers, different processes 
for th D,O enrichment 
recommended 
tillation 
by water distillation, and hydrogen 


final were 
namely, ammonia dis- 


catalytic exchange followed 


distillation 

On the basis of the data supplied by 
these firms in their reports, technical 
evaluation of the three 
made. As a result of 
was concluded that al- 


and economi 
processes wert 
this study, it 
though the catalytic exchange process 
was a well proven process and had a 
background of 10 years of industrial 
scale operation, the hydrogen distilla- 
tion process treating a reduced amount 
hydrogen would be eco- 
tech- 
suitable for conditions in 


of enriched 


nomically more attractive and 


nically more 
India. A cost analysis made by the 
Indian Government for a typical H, 


distillation plant is given in Table 4. 


For more on MATERIALS see p. 112. 
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PARTICLE ACCELERATORS 


in Nuclear Physics, 
Chemistry, and 


A 10-Mev Tandem Van de Graaff® Positive- 

ion Accelerator, Model EN. Designed for nucle- . 
ar research at the Chalk River establishment of Van de Graaffs 
Atomic Energy of Canada Limited, this is the first 

of three high-energy machines being built by HiGH | 1 Mev -_ Model JN | 
VOLTAGE for installation in various parts of North wen thy coed 
America. With this new design, physicists will, for 

the first time, be able to explore with precision 1 ey - Model JS 


the binding-energy physics of higher atomic numbers. Simplified electron source for transistor 
and crystal research 


|2 Mev Model AK-N 


Precise, multiple- purpose instrument for 
general physics research and teaching 


Moderate-power electron source for 
quantitive radiation research 


tail oo eae ‘ | 3 Mev - Model KW 


Powerful neutron source and effective 


Model AK-N te a mi ‘ instrument for binding-energy physics 


: A This versatile p ; 
age ny research package is providing “ | 5.5 Mev - Model CN 
rts the basis for nuclear research projects Ideal positive-ion - accelerator for 
This machine, widely " broad-range nuclear research programs 
in all parts of the world. 
used for neutron cross- 
section studies and 
; ; : 0.25-Mev Van de Graaff®, Model PN-250 New, precise, high-energy, tandem 
nuclear-energy-level de- : ; ecccternter far blegina-oner 
The most recent development in particle accelerators, bd sy 
terminations, will be , gation of heavy nuciei 
this new, low-energy machine — 
displayed at the Second ' 
; ak oh oes is designed as a pulsed-neutron 
International Exhibition > ; a 
ug ‘ source for use with subcritical 
of the Peaceful Uses of ; 
. assemblies in reactor research 
Atomic Energy, in Ge- 


. and teaching. 
neva, Switzerland. g 


general catolag, or ook fo Hy HIGH VOLTAGE ENGINEERING 





informative reprints in your 
field of interest. Tel-ie i ichuel. MA ACHUSET 
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MATERIALS 


This article starts on page 108 


Zirconium 
Hydriding Attack 


In-pile-test failures of Zircaloy clad- 


Here’s news about 


RADIATION 
MONITORING 


from Victoreen 


ding on fuel elements have been accom- 
panied by a redistribution of dissolved 
hydrogen to the outer surface of the 
cladding with occasional formation of a 
rim of zirconium hydride on that sur- 
|face (709). The existence of a thermal 
gradient of about 525° C/em between 
the inner and outer surfaces of the clad- 
ding led to the belief that the hydrogen 

To detect, measure, record or control radiation of almost | 
any type or intensity . . . with complete systems to AEC 
specifications—that’s part of Victoreen’s radiation monitor- 
ing story. So no matter what your radiation monitoring prob- | 
blem, it will probably pay you to check with Victoreen first. 


| redistribution was caused by thermal 
| diffusion of hydrogen from the hot to 
the cold side of the Zirealoy cladding. 

Work was undertaken in the U. 8S. to 
|observe the nature of the thermal-dif- 





area monitoring 


or 


Flexible, fully prov- 
en remote area sys- 
tems to AEC require- 
ments for radiation 
monitoring from a 
single contro! cen- 
ter. 


air particie monitoring 


Portable air particle 
monitoring units to 
latest ORNL specifi- 


cations. oe! 


oR 





fission products monitors 


A reliable monitor- 
ing system based 
eon MTR design at 
Idaho Falls for de- 
tection of fission 
product activity in 
coolant stream. 


water monitors 


For monitoring ra- 
dioactive liquids in 
pipes, pools and 
streams or other 
locations. 





neutron monitors 


The Victoreen Instrument Company 


WORLD'S FIRST NUCLEAR COMPANY 


Fast and therma! 
neutron monitoring 
systems designed 
fer bulk shielding 
and dosimetry 
studies. 
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gas monitors 


Designed for con- 
tinuous monitoring 
of radioactive stack 
gases. Contains 
built-in alarm sys- 
tem to operate 
external control 
circuits. 


5800-9 Hough Avenve - Cleveland 3, Ohio 


| fusion phenomenon in zirconium-hy- 
| drogen solid solutions and to measure 
|}the parameters characteristic of the 
From the experimental re- 
sults, the extent of hydrogen redistribu- 


process 


tion in core under operating conditions 
has been estimated. These show that, 
if the critical hydrogen concentration 
for a Zircaloy plate in a given tempera- 
ture gradient and at a fixed surface 
temperature is exceeded, a ZreHs layer 
will form on the cold side. The thick- 
nesses of the hydride rims formed for 
various initial conditions were calcu- 
lated and plotted in Fig. 1. It can be 
seen that a greater thickness of hydride 
layer forms as the thermal gradient 
increases and as the magnitude of the 
heat of transport increases. 

An interesting effect of 8 heat treat- 
ment of wrought Zircaloy-2 tube in re- 
ducing the severity of hydriding attack 
is illustrated by the results of Canadian 
work listed below (194). The weight 
gain (in mg/dm?) was: 

1t 480° C At 540° C 


20 hr 48 hr 10 hr 48 hr 

As drawn 63 2,530 1,695 3,860 
a-annealed* 53 2,550 2,550 3,180f 

B-annealedt 56 65 87 170} 


Development of Alloys 


British investigations give slim hope 
for outstanding improvements in the 
corrosion resistance of zirconium in 
gaseous media by alloying; improve- 


| ments greater than a factor of two will 


not be forthcoming at any tempera- 
ture, although considerable improve- 


* Vacuum annealed at 700° C for 1 hr. 

t Vacuum heat treated for 3 hr at 980° C 
and air-cooled in sealed tube. 

t Including weight of loose oxide. 
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~ 200 
Initial Hydrogen Conc. (ppm) 


FIG. 1. Thickness of ZroH; precipitate 
at steady state as a function of initial 
hydrogen concentration for various 
temperature gradients and heats of 
transport (Q) 


ments in properties of film adherence 
n the post-transition period have been 
achieved (1460). In view of this, and 
despite any substantial improvements 
in creep resistance which might be ob- 
tained with Zr-Mo or Zr-W alloys, the 
use of zirconium in CO--cooled reactors 
at temperatures in excess of 500° C is 
not visualized 

Zirconium alloys have been devel- 
oped that are more resistant to radi- 
ation-induced corrosion in uranyl sul- 
phate solution, say metallurgists in the 
This has been accom- 
plished by alloying Zr with Nb, Pd or 
Pt. The Zr-Nb base alloys can be heat 
treated to attain high strengths with 
moderate ductilities, but, under many 
conditions, brittle alloys result. 


a 1998 
U. § 19 


Zirconium Production 


A West-German process separates 
hafnium by distribution of the complex 
zirconium and hafnium thiocyanates 
between two liquid phases (1003). The 
Zr goes primarily into the aqueous 
lower phase (containing the ions SCN’, 
H’ and Cl’), and Hf preferentially en- 
ters into the upper phase of methyl- 
isobutyl-ketone containing thiocyanic 


acid 


Reduction of the ZrCl, to metallic Zr | 


is carried out essentially by the Kroll 
process, but changes have been made 
with a view to cutting down the time 
required for the reduction cycle plus 
distillation. In the usual Kroll proc- 
ess, reduction and distillation are per- 
formed in two different furnaces. This 
entails loss of time as a result of un- 
avoidable cooling down and reheating, 


and the quality of the sponge is im-| 


paired by the increase in oxygen and 
nitrogen content when transferring to 
the distilling furnace. A furnace was 
devised, therefore, that is equally 
suited to both reduction and distilla- 
tion. With this furnace, both proc- 
esses can be carried out in succession 
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Here’s news about 


REACTOR AND 
RADIATION MONITORING 
INSTRUMENTS 
IMMEDIATE DELIVERY 


from Victoreen 


Count Rate Meter 

(ORNL Q14548) 
Model 727 Logarithmic Count Rote Meter. Wide 
range, five decade instrument for use with all types 
of radiation detectors. Range 10 to 1,000,000 
counts per minute. Scale expansion feature for 
extreme sensitivity and accurocy when used with 
recorder readout. 


DD-2 Non-Overloead Linear Amplifier 
(ORNL Q1593) 

Model 751 DD-2 Non-Overioad Lineor Amplifier 

for scintillation spect try, reactor control, etc. 

ond other applications requiring high goin, fast res- 

olution, good linearity, and fast overioad recovery. 








Single Channel Differential Analyzer 
(ORNL Q1192) 

Model 695 Single Channe! Differentio! Analyzer. 

A differential pulse height onolyzer for separating 

pulses of varying amplitudes. 


Hi-Speed Scaler 

(ORNL Q1743) 
Mode! 762 one microsecond Hi-Speed Scaler is 
designed for counting pulses from nucieor detect- 
ors. Permits counting pulses at high rates with ex- 
tremely low coincidence loss. Use of decade counting 
cirevits increases reliability and gives low power 
consumption. 





AD Linear Amplifier 
(ORNL Q1326) 
Model 672A, AlD Linear Amplifier for amplifying 
low signal level pulses from radiation detectors such 
as jonization chambers, proportional and scintil- 
lation counters. 


Air Particle Monitors 
(ORNL Q1740) 
Portable continvous air particle monitoring units to 
latest ORNL specifications. Foil-safe operation. 
Covers wide dynomic ronge of intensities. 


AA-T38 


The Victoreen Instrument Company 


5800-9 Hough Avenve - Cleveland 3, Ohio 


WORLD'S FIRST NUCLEAR COMPANY 
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without the intermediate cooling and 
PROGRESS 1S MADE IN METALAB EQUIPPED LABORATORIES transferral 

Separation of Hf by selective reduc- 
tion of ZrCl, with aluminum is being 
tested in India (1672). Starting with 
the mixed tetrachloride vapor, a partial 
reduction with Al is carried out so that 
the vapor phase gets progressively en- 
riched in hafnium while the nonvolatile 
zirconium reduction product becomes 
substantially free from the impurity 
The relative instability of the lower 
oxidation states of hafnium contributes 
to an improved separation factor. 

This process provides an effective 
means for removing hafnium. It ad- 
mits, however, of many improvements 
in technique. At present, two treat- 
ments are necessary to achieve a 
reactor-grade product, although high 
elimination of Hf occurs in the first 
treatment It is expected that the 
efficiency would be much improved 
with a more rigorous control of tem- 
perature and with provision for disturb- 


ing the crust as it forms. 


The inert-gas-shielded, molten-salt, 
282 Duffy Avenue, Hicksville, L. 1., New York electrorefining technique has proved 
adaptable to improving the quality of 
a number of metals (698). But, be- 


BORON-10 cause of mechanical difficulties, it has 
to obtain 





not been possible, to date 
sustained Zr production in the U. 8 
using chloride electrolytes (NaCl-ZrCl 
BORIC ACID and KCI-TiCl-ZrCl). The fluoride 
electrolyte (NaCl- or KCI-K.ZrFl,) 
offered easier operation but apparently 
did not reject impurities as efficiently 
Following their recent as the chloride. This assumption is 
announcement of the separa- based on data that show impurity con- 
tion of Boron isotopes, 20th tent increasing in consecutive de- 
Century now offer high purity posits, contrasted with the usual pro- 
Boric Acid wherein the boron gressive improvement in quality from 
is normally enriched to 90%, chloride electrolytes. The simple bi- 
B-10. This material is nary mixtures of NaCl and ZrCl have 
particularly suited to the been difficult, if not impossible, to 
manufacture of neutron 
sensitive scintillators, Boric 
Acid is also the starting point 
for the manufacture of 
Boron Trioxide, Boron 
Carbide, and Elemental 
Boron. Boron-10 enrichments 
greater than 90% can be and plugging of orifices. 
supplied by special In Russia, a method of obtaining 
arrangement. ductile zirconium metal by the electro- 
lysis of fused salts has proved more 
The quality of zir- 


stabilize. A number of operational 
difficulties were encountered when zir- 


+ 


sessis3 


conium chloride was used because of 
bath instability. Zirconium chloride 
subliming from the bath caused changes 


oceeescess 


<< 


in bath composition, sticking of valves 


CENTRONICS Works | Successful (2047). 
KING HENRY'S DRIVE conium produced by the electrolysis of 
NEW ADDINGTON the fused KCl-K,ZrF, mixture was 
CROYDON SURREY determined by spectrochemical analy- 
CSL AND ses. Typical results show a total im- 
Cables: Centronix, London purity content of <1.2% 
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Graphite 


Nuclear Annealing 


arly in the study of radiation dam- 
uwwe to graphite, it was observed that 
graphite that had been damaged by 
rradiation could be annealed by a sec- 
ond irradiation at a higher temperature 
G14 lhe temperature of this second 
irradiation was considerably less than 
the temperature required to do an 
equivalent amount of purely thermal 
annealing 

The total interlayer-spacing change 
demonstrates that irradiation enhances 
innealing. It is revealing, however, to 

inner in which interlayer 

lamage is distributed with 

vation energy in samples that have 

subjected to nuclear annealing 

. determination of damage dis- 

irves, it was concluded that 

wesses with a wide range of 

energies contribute to nu- 

ng atany instant. Irradi- 

C is effective in partially 

removing damage out to high-activa- 

tion-energy regions reached by thermal 
annealing only at 1,300° C. 

The mechanism by which nuclear 

aling occurs has received only very 

ittention, but it appears to be 

ely associated with the mechanism 
ontraction during high-temperature 
rradiations Activation energies in 
hose available from equilib- 
temperatures are necessary 
It is likely that nuclear an- 
vccomplished through colli- 
esses that transfer energy in 

ge of 3-25 ev to the lattice de- 

cts, thus supplying the activation 
energy for periods of time long enough 

r diffusion to occur. 

Che routine annealing operation for 
the Brookhaven National Laboratory 
reactor is planned so that fission heat 

triggers’’ the release of low-tempera- 
ture stored energy (462). Fission heat 
is added continuously while the graph- 
ite temperatures are gradually elevated 
through the triggering region (80 
150° ¢ The rate at which fission 
heat is removed from the reactor by 
means of the fans (usually 1-2 Mw) is 
high compared with the expected rate 
of propagation of the stored-energy re- 
lease. If the fission heat removed from 
reaétor structure while raising graphite 
temperatures to 150° C is large com- 
pared with the energy stored in the 
graphite, the release of the stored energy 
has little effect on structure tempera- 
ture. Removing fission heat at a 
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Symbol of Highest Purity 


--.in cloud and bubble chambers 
...in radiation detecting equipment 
...in gas discharge devices and glow tubes 
++.@s protective atmospheres for 
crystal growing 


Rare gases produced by LINDE are continuously analyzed by mass 
spectrometer, gas chromatography, and chemical and physical 
methods. These analytical checks assure you of the purest rare 
gases obtainable. 

LINDE argon, neon, helium, xenon and krypton are available 
in one- and two-liter glass bulbs, or in steel cylinders under pres- 
sure. Mixtures of gases are also available to your specifications. 
Prompt delivery is assured. 

For detailed data on the physical and electrical properties of 
LINDE Rare Gases, write Dept. NU-9. LinpE Company, Division 
of Union Carbide Corporation, 30 East 42nd Street, New York 17, 
N. Y. Offices in other principal cities. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. 


Si Site). 
fed \ i=) ) 2) 3 


RARE GASES 





The terms **Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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essibility 


a new concept 
in reactor 
instrumentation 


to verify reactor’s pre- 
dicted nuclear behavior 
Representing a major advance 
in more flexible instrumenta- 
tion, precision Teleflex Acti- 
vation Wire Drive Systems are 
being used to measure neutron 
flux and fuel distribution at 
strategic locations within the core 
of some of the country’s most 
recently developed reactors. 


Flexible Teleflex cable follows 

desired paths to transport detec- 

ting elements deep inside the 
reactor core. After exposure, the 
elements are withdrawn for scan- 
ning, counting, and recording. 


Complete Activation Wire Drive 
Systems are designed and manu- 
factured by Teleflex. A series of 
motor-driven hobbed wheels en- 
gage helically-wound Teleflex ca- 
bles to position the flux wires, 
neutron-sensitive thermopiles, and 
ion chambers within 4 of an inch at 
distances as far away as 50 feet. 


Join the trend to Teleflex, where ad- 
vanced design, engineering, and fab- 
rication techniques are probing years 
ahead in nuclear instrumentation and 
control. Control rod drive mecha- 
nisms ... neutron source drives... 
isotope drives .. . fission chamber 
drives . . . and other intricate mech- 
anisms are translated from plan to 
power plant. Write for details. 


TELEFLEX 


INCORPORATED 


NUCLEAR DIVISION 





CHURCH ROAD 
NORTH WALES, PENNSYLVANIA 
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0.5-Mw reactor power level 
found to be sufficient to mask the 
graphite-energy release. 

The routine annealing procedure is 


was 


| performed at the end of a normal two- 
week operating period by shutting down 
the reactor according to a special pro- 
lcedure. The 
with the reactor in equilibrium full- 
Power 


procedure commences 


power operation. is reduced 
gradually over a period of 2 hr, and, 
at the same time, cooling is decreased 
in such a manner as to maintain the 
fuel temperatures constant at the maxi- 
mum of 350° C. 

During the power-reduction period, 


the graphite temperatures in the cooler 


When the air flow is reduced 
to approximately 10% of full value, and 
the power level is 1-2 Mw, the coolest 


creased 


graphite temperatures will normally 
have risen to above 150° C. The cool- 
ing load is then further decreased, and 
finally, all fans are stopped. 


0.5 Mw and completely covering the 





\the central graphite temperatures are 
driven up to 310-340° C. Finally 
| complete the operation, the reactor is 
scrammed and allowed to stand for 2-3 
hours with no airflow. Prior to taking 
measurements, the structure is cooled 


at a rate of 2° C/min by readjusting | 


the cooling load. 


Graphite Protection 


Attempts to improve the resistance 
of graphite to in-pile oxidation have 
been sought in Britain along three lines 
reduction of the accessible surface area 
by impregnation with carbonaceous or 
other materials, rendering the accessi- 
ble surface area inactive and applica- 


tion to the visible surface of an imper- 


meable, nonreactive coating (303). 
Reduction of accessible surface 
area. Specimens densified by pitch 


impregnation, and subsequently 


to | 


regions gradually rise as cooling is de- | 


i 
| 


By con- | 
tinuing to operate at approximately | 


| inlet ducts with light sheets of plastic, | 





re- | 


graphitized, led to a decrease in accessi- | 


ble surface area by a factor of about 
two. The results of tests for the im- 


pregnated specimens imply that the 


concept of “active sites” is of little | 


significance in-pile, the irradiated gas 
apparently being sufficiently 
chemically to react with any carbon 
atom irrespective of environment. The 
rate-determining factor is evidently the 
production of some form of chemically 
active species in the gas. These re- 


active | 


NUCLEAR 
ENGINEERS 


The Nuclear Division 
of 
The Martin Company 


needs engineers for the develop- 
ment and manufacture of elec- 


trical and process heat power 
plants for military and civilian 


markets 


These 


by extensive facilities, and range 


projects are supported 
from high-performance military 
plants to competitive commer- 
cial systems. Reactor types under 
development are varied, includ- 
ing and 


systems. 


water liquid metal 


Engineering and _— supervisory 


positions are available in 


HEAT TRANSFER 
FLOW ANALYSIS 

REACTOR TEST & 
UATION 

CONTROLS ANALYSIS 
INSTRUMENTATION 

POWER PLANT SYSTEMS 
ANALYSIS 

SYSTEMS OPTIMIZATION 


FLUID 
EVAL 


& 


WRITE: 
William Spangler, Mgr. 
Professional Employment 
Department N-8 
THE MARTIN COMPANY 
Baltimore 3, Md. 


MARTIN 


BALTIMORE 
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NOW! power tools 

can be operated 

as an integral part 

of the Mechanical Arm 


With an electrical power take-off built into 
its forearm, the General Mills Mechanical 
Arm is now more versatile than ever. This 
impact wrench is an example. It can be 
attached and removed remotely—replaced 
with other power tools or with standard 
grasping and lifting accessories. It operates 
at several speeds—directly from the control 
console. And it has all the freedom of 
motion of the arm itself. 


If your installation requires the use of 
power tools—drills, grinders, saws or the 
like—this new development from 
General Mills merits your consideration. 


Consult us now about the versatile General 
Mills Mechanical Arm or about specially 
designed or adapted power tools to meet 
your specific requirements. 


WRITE, WIRE OR PHONE Nuclear Equipment 
Department, Mechanical Division of General Mills, 
1620 Central Ave., Minneapolis 13, Minnesota. 


Vol. 16, No. 9 - September, 1958 


POWER TOOLS EASILY ATTACHED TO MECHANICAL ARM: tools 
snap into place on the forearm. A simple electrical connection at 
the power take-off, which is permanently mounted on the forearm, 
completes the placement. 


Nuclear Equipment Department 


Born with the nuctear age — a decade ago 


MECHANICAL DIVISION 


Minneapolis, Minnesota 





Eliminate even 
minute leakage 


S O-RING 














. , 
Wako 


THR’D 
O sEAL MALE CONNECTOR 


s 


THR'D 











Swagelok O Seal Fittings, with straight machine threads, eliminate every 
possibility of leakage that usually accompanies the use of ordinary taper 
pipe threads. 

Swagelok O Seal Fittings are completely assembled, ready for immedi- 
ate use. The O ring seal is held in the body of the fitting and a variety of O 
ring materials for specific applications is available. 

Installation of Swagelok O Seal Fittings is simple. Just drill and tap — 
no counterboring or port contour cutting necessary. The use of messy pipe 
dopes or sealants of any kind is completely eliminated. 

Screw in Swagelok O Seal Fitting, tighten and the installation is com- 
plete. A pressure or vacuum seal can be obtained against any flat surface. 

A wide variety of connections is possible thru the use of Swagelok O 
Seal Adapter. 

Swagelok O Seal Fittings are available in all machinable metals and 
plastics in tube O. D. sizes from 1/16” thru 1”. 


For name of your local Swagelok Distributor, write Dept. H5 


CRAWFORD FITTING COMPANY 884 East 140th Street, Cleveland 10, Ohio 
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sults possibly imply that oxidation oc- 
curs to a limited depth under these 
conditions 

Rendering surface inactive. This 
type of treatment aims not to alter the 
accessible surface area but to render it 
less oxidizable One method of achiev- 
ing this is the addition of small quanti- 
ties of phosphorus compounds to the 
graphite \ suitable treatment con- 
sists, for example, of exposure of the 
graphite to the vapor of refluxing tri- 
methyl phosphate followed by rapid 
heating to about 1,000° C in argon 

The quantity of phosphorus in the 
graphite is of the order of that required 
for the chemisorption of a monolayer 
of a species such as PyQO,o or the cover- 
age of edge sites with phosphate groups 
In this way quite small quantities are 
effective in blocking the active sites 
from which gasification normally 
occurs. With the phosphate-treated 
specimens, either the accessible surface 
area is not fully covered, and the un- 
covered portion, though inert out-of- 
pile is oxidizable by the irradiated gas, 
or, for steric reasons, the treatment is 
ineffective in preventing access of an 
active species to the graphite 

Application of coatings. The third 
treatment included gas-phase deposi- 
tion of a layer of silicon carbide Speci- 
mens subjected to this treatment were 
given a prior impregnation and re- 
graphitized to provide an improved 
substrat Coating was used at a 
thickness of a few thousandths of an 
inch Che implications of the results 
for the silicon carbide coated specimens 
are less clear-cut. The similarity of 
oxidation rates for the coated specimens 
and the controls in the in-pile tests sug- 
gests that the underlying graphite is 
being attacked rather than the silicon 
carbide 

Several methods have been con- 
sidered for coating graphite with NbC, 
TaC, and ZrC in the U. 8. (1428 Of 
thes apor deposition offered the 
most promise of forming continuous, 
adherent coatings. However, with the 
vapor-deposition procedures, the uni- 
formity of the coating depends strongly 
on the vapor-flow pattern. Control 
of the vapor-flow pattern is practical 
in coating some shapes, but very little 
control can be exercised in coating 
small-bore tubing. 

To overcome the problem of nonuni- 
form reaction, workers at Battelle 
Memorial Institute have developed a 
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Digital analysis tests reactor system 


...without spending a nickel on hardware 























A CREATIVE TEAM 


The problem was to evaluate performance of the 
complete reactor power system design, shown 
blocked out in preliminary form above. 

It was natural for Ford Instrument nuclear 
engineers to turn to the digital computer for 
this. They have two of them on hand—one with 
accessories for differential analysis—as well as 
experienced programmers. Ford also has access 
to the vast computing facilities of Remington 
Rand Univac Division of Sperry Rand. The flex- 
ibility, high speed and accuracy of digital tech- 
niques were especially applicable to this type 
of engineering analysis. 

Partial results of digital analysis are shown 
in the two available power vs. time curves at 
left. They show the effects of a change in throt- 
tle and bypass valve settings. Initial analysis 
revealed the poorly damped oscillatory curve 
at top left. After a simple system modification, 
reanalysis produced the smooth change and 


quick settling of the lower curve. All without a 
nickel spent on hardware! 

Reactor system simulation is only one of the 
nucleonic activities at Ford Instrument Co. Oth- 
ers include: Design of a complete closed-cycle 
gas-cooled reactor; development of fuel ele- 
ments, including high temperature studies; 
manufacture of control rod drive mechanisms 
(e.g., those used in the submarine Seawolf) ; 
control rod position indicators; magnetic and 
transistor amplifiers fér nuclear applications; 
and studies of control rod and reactor materi- 
als. In addition, Ford Instrument is conducting 
numerous feasibility and experimental studies 
in the nuclear field, including the application 
of digital techniques to reactor control. 

Put Ford Instrument nucleonic capabilities 
to work on your problems. Write to Nuclear 
Sales, Ford Instrument Co., 31-10 Thomson 
Avenue, Long Island City 1, N.Y. 


FORD iNSTRUMENT Co. 


DIVISION OF SPERRY RAND CORPORATION 


OF SCIENTIFIC, 


ENGINEERING AND PRODUCTION TALENT 








naxicy 


Gamma gaging system developed by Ohmart Corporation for 
measuring density of caustic solution in a chemical processing plant, 
utilizes a specially-designed gamma source from United States 
Radium Corporation—another of the thousands of industrial and 
research installations where USR products are now being used. 

United States Radium Corporation, leading supplier of radio- 
active products for over 30 years, offers a diversity of gamma, beta 
and neutron sources in varying configurations, intensities and 
energies. Sealed gamma sources for liquid level gaging, radiography 
and other programs requiring penetrating radiation are available to 
meet any feasible design and performance requirement. Gamma 
sources in point, cylindrical, linear and other forms incorporate Ra, 
Co®, Cs!34, Cs'37, Eu!52 and other isotopes. 

Beta sources utilizing H*, C'4, Ni®*, Pm!47, T1204, Kr85, Sr®° and 
other beta-emitters are offered in various intensities and design 
parameters. Neutron sources, calibrated or uncalibrated, can be 
obtained from USR in radium-beryllium, radium D-beryllium, 
polonium-beryllium and actinium-beryllium. Light sources, for 
marking and signalling, are now available with H’, C'4, Kr5, Sr?°, 
Pm!47, T12° isotopes. 

United States Radium Corporation invites your inquiries with 
respect to specific source requirements. Write Department F9. 


UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. | Offices: Chicago, Illinois and No. Hollywood, Calif. Affiliates: Radelin Ltd., 


Toronto,Canada and United States Radium Corp. (Europe), Geneva, Switzerland 
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vapor-deposition method in which the 
rate of coating formation is controlled 
by the rate of diffusion of carbon 
through the carbide. 
ditions, the rate of coating formation is 


Under these con- 


practically independent of the vapor- 
flow pattern, and a uniform coating 
results. 
Present 
the feasibility of uniformly coating ex- 
tended graphite surfaces with metal 


research has demonstrated 


carbides by reaction with metal! halide 





compatible 


vapors in a range of pressure and tem- 
perature unfavorable for the deposition 
of metal but favorable for carbide for- 
mation. In this the of 
diffusion of carbon through the carbide 


range, rate 


can be made to limit the coating rate, 


and uniform coatings are obtained over 
| a wide range of vapor-flow conditions. 


Sodium 


Compatibility of reactor materials in 


flowing sodium has been studied in 


Britain (25). The 
fall naturally into three classes: 


materials studied 


(a) Those whose oxides or complex 
oxides are of less than or comparable 
stability to that of oxide. 
These include all the steels and nickel; 


(b) Those possessing oxides or com- 


sodium 


plex oxides more stable than sodium 
oxides and whose corrosion product is 
adherent to the parent metal (e.g. Zr); 

(c) Same as for (b) but the corrosion 
product is nonadherent (e.g. Nb, V, U, 
Ti, Be). 

Class ( 
circuits under cold-trapped conditions. 


a) can be safely used in sodium 


Although work has shown that, in class 
(b), Zr forms a protective oxide, cold 
trapping is expected to be inadequate 
because of the deterioration of mechani- 
cal properties of the metal caused by 
oxygen embrittlement. It is essential 
that the sodium be thoroughly deoxi- 
dized for the metals of class (c) to be 
with the liquid 
Radioactive mass transfer for stainless 
steel and zirconium is extremely low, 


metal. 


but activity arising from fission-product 
transfer from uranium in contact with 


| sodium can be considerable, especially 


under cold-trapped conditions. 
The inherent inertness of 
with respect to graphite, zirconium and 


sodium 


austenitic stainless steel may be ne- 


| gated by sodium-borne impurities, sum- 


marizes U. 8. workers (705). Oxygen 


| transported by Na can form a fatigue- 
| sensitive surface layer of ZrO, on Zr 
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THE WORLD'S FIRST CARD-OPERATED MILL, 


PROMISES YOU BETTER STEEL—AUTOMATICALLY 





HIGHER QUALITY 


MORE 
UNIFORM SIZE 


BETTER 
PHYSICAL PROPERTIES 


New method provides a large file of schedules 
for various types of steel 


NEW punch-card control system, recently installed on the 56” uni- 
versal roughing mill at Allegheny Ludlum's Brackenridge, Pa. 
s advancing mill standards of quality control. 
s how it works: Allegheny Ludlum rolling experts predetermine 
m rolling procedures for the type of steel desired and translate 
into punches on an IBM card. These punches represent the 
rewdown settings, mill speed and number of passes. When the General Electric engineers, working closely with 


ule calls for it, the mill operator in the pulpit simply selects AL personnel, developed and installed the con- 
er card, inserts it into the card reader, and he is ready to roll trol systems which regulate the mill 
rator makes each pass, the mill is automatically adjusted for 
tional pass required. The rolled material is held uniformly to 
iensions, and day in, day out it proves to have better, more 
physical properties. 
sy to see how this kind of progress fits into your interest in 
nt high quality. By performing rolling operations exactly the 
way time after time, this new unit further assures Allegheny 
customers that they are getting the best possible product 
industry's pioneer producer. 
Let us talk over your requirements with you. Write us, or call the 
Allegheny Ludium sales office nearest you, and an AL sales engineer will 
help you with any problem. Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. Better quality, more uniform steel is the result 


wsw ceae 


PIONEERING on the Horizons of Steel 


Allegheny Ludlum 
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GENERAL PURPOSE 
PHOTOMULTIPLIERS 


by 


E.M.1. ELECTRONICS LTD 


A range of 2” diameter end window 
tubes with highly stable Antimony 
Caesium (SbCs) Venetian blind dyn- 


odes, giving high current output. 





TUBE 


TYPE 95368 


9536S 





No. of stages 10 
Spectral 


response Sil 


USA 
Diheptal 
(BI 4B) 


Pressed 
Glass 
(BISB) 


Typical characteristics 


Overall 
voltage 1500 V 


Overall 


sensitivity A/L 200 50 


Dark 


current uA 0-05 0-015 
Overall voltage 2400 V 


400 V each on last three stages 


Overall 


sensitivity A/L 2000 400 


Peak output 


current (linear) 50 mA 50 mA 











Similar tubes having SIO response 
available. 
For Scintillation Counting, spectrophotometry, 


flying spot scanning, etc. 


E.M.1. ELECTRONICS LTD 
VALVE DIVISION 
RUISLIP - MIDDLESEX 
ENGLAND 
Cable Address: EMIDATA, LONDON 


FEI 92 





122 


MATERIALS 


This article starts on page 


This diffusion-con- 
trolled process 1s slowed by the reduc 
to 


Stainless 


components 


tion sodium 


content 
10 


oxygen in 
hye low 
is unaffected 


ow 50 ppm sodium. 


we ppm 


steel by oxygen content 


be Hydrogen r 
leased from the moderator graphite at 
high diffuses 
through the surface oxide on zirconium 
to 


of hy 


temperature slowly 


form asolid solution. Rapid cooling 
drogen-containing metal can causé 
delta-phase zirconium hydride to pre- 
cipitate at zirconium grain boundaries 
but this will dissolve again upon slow 
Carbon in sodium can result 


ol 


heating 
appreciable carburization aus- 
stainless steels at temperatures 
550° C 
of 
erties 
tent to the ? 
tory 
Zi 


‘ing a sick 


with consequent deterio 


ration high-temperature fatigue 


The control of oxvgen con 
vel of 10 ppm required for 
satisiac operation In a system con- 


taining can | achieved by hot- 


trap} stream of sodium with 
thin Zr or Zr-Ti alloy sheet maintained 
at around 650° C 


In 


oxide le vel 


Nak 
is controlled by « 
the 


in 


sodium or circuits where 


old trap- 
corrosion of bervllium 
the 


Australian engineers (1091 


Alone 


imens circuit is excess 


ies ] 

mechanism of attack is reduction 
Che 

to | 


um oxide by the beryllium 
factor 


ntrolling appears 


on of oxvgen ions, but the inertia 
flowing sodium has an additional! 
similar to erosion Protection 

llium by preferential oxidation 
orium in a hot trap does 


not ap 


promising The rates of weight 


beryllium in cold-trapped so 
much greater than those of 
the 


oxide formed is adherent 


for same. temperature 
and 
thus reducing hot- 
but the 


rmed is nonadherent and non- 


protective 

efficiency beryllium 
Acceptably low corrosion 

im can be attained, however 

sodium and Nak systems 

ible cold trapping followed by 
deoxidation of the liquid metal 
iss transfer of the calcium or r 

ith the 


reaction between calcium 


nitrogen cover gas 


nd 
el in the stainless steel remains 
icceptably low level. 
attack of 


im is accounted for by oxygen 


stainless steels 


and carbon impurities in the sodium 


and also by oxide impurities in steels, 


iy Russian scientists (2194). Other 


steels 
melted 


conditions being equal 


well deoxygenated and in 


ould have a strong resistances 


Steels and alloys 


con 
arbide 


hay 
nave 


amount of non 


irization 


Polyphenyls 


ol 


low 


’ , , 
antages of poivphenyvis 
radio 
IACK Corrosive 


wtion on 


materials of construction and relatively 


good stability towards irradiation 
onfirmed in ey 


Har In 


ate of destruction when the 


have perience 


gained well particular 
the slowe! 
ontains a large proportion of 
d 


affirmed | 


needed to dete 


Coolmn 


polymet materia as been re- 
still 


poly 


irther experiment is 
rmine how mucl 
mer can be tolerated 


ent new from 
nents 1 
e effect 


neutrons 


greater 
last th 
posite gammas 
these 
will vary 


so that the 


contributions olf 


loOniwZzing energy position 


in the energy) 
deposited in the coolat be esti 
mated h precision 

The ilculated 
last 


the « 


damag elds for 


are so mucl rger than 


vields that it seems 


that th 


nevit 
contribution to 


able 


powel! 


cost Ol maintaining a constant polymer 


conten ontinuous 


placemet th fresh « 


to 


centive rk at the hig polymer 


content sistent with satistactory 


fluid to 


ot Dreakdown 


engines Ol the 


| roperti ~ 
minim rats 


be 


iper poly- 


The econd consequence wou 


the ne 


id 


of using the che 


as bipheny! 


phe nh 


and Santo 


wax-R are the primary prod- 


ucts l methods 
The Mal ! ial 


obtained by 


production 
terphenyl isomers 
which must be fractiona- 
and 


The 


any ol 


tion of the Santowax, cost more 


are in relatively short supply 


of fluids 
these would 


usé compounded from 


less attractive 
nts at Hanford hay 


radiolytic de¢ 


become still 
Experim¢ e shown 
that the 


ol al 


omposition rates 


polyphenyl compounds are 


similar (61/ The main difference in 


stability lies in their resistance to pyro- 
lytic From a 


degradation. practical 


September, 1958 - NUCLEONICS 





MAGNETIK null indicator with magnetic converter input. Can is completely electronic with 
also be used as linear deflection indicator. Highly sensitive, 
isolated input, insensitive te d-¢ and a-c strays, and 60 cps is required. Large, clearly 
series pickup. Mirror scale, vibration resistant. Price: $250, 
rack mounted version optional. Write for Bulletin Ni-1. 


There’s a 


Honeywell Null Indicator 


ee to fit your needs and your budget 


Here are three top quality null indicators, each 
with distinctive advantages for particular ap- 
plications. Now you can choose the instrument 
with the exact characteristics you require, 
without paying for more than you need. Call 
your nearby Honeywell field engineer for details 
or write for literature. 


MINNEAPOLIS-HONEYWELL, Wayne and Win- 


RUBICON spotlight galvanometer with muitiple-refection drim Avenues, Philadelphia 44, Pa. 
optical system and 100-millimeter scale. Simple, sensitive, 
sturdy, linear. Sharp, porotlax-free spotlight index. Insensi- 


iv - ; : . Write etin 320. 
tive to a-c strays. Price: $95 to $125 for Bulletin SPECIFICATIONS 





MAGNETIK ELECTRONIK RUBICON 





oltage sensitivity 2 microvolts per division 1 microvolt per division 1.5 microvolts per division 





ent sensitivity 003 microamps per division 001 microamps per division .0006 microomps per division (max.) 








from 6to 5 seconds, 


Period less than V3 second Less than ¥2 second depending on made! 








Input resistance 600 ohms at mox. sensitivity 1000 ohms at max. sensitivity 13 to 4000 ohms, depending on model 








Overload rating 10 volts, over-range to 45 volts 1.5 volt 10° x sensitivity 





Zero drift Less than | division per hour Less than | division per hour Negligible 








Linearity } 5% of full scale For null measurements only + 1% of full scale 




















Honeywell 
[Hi Tout in Coutttol 
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TRANSISTORIZED FAST-SLOW MATERIALS 


NEUTRON SURVEY METER 


10 Times Greater Neutron Sensitivity 


Than Previous Models 


at new low price 


$77§°° 


Instrument has printed circuitry throughout; re- 


duced power requirements, lighter weight. Also 
available as Fast Neutron Survey Meter, $675; 
Slow Neutron Survey Meter, $650. 


For additional information, write: Dept. 198 


RADIATION 





COUNTER 
LABORATORIES inc. 


Nucleonic Park, Skokie, Illinois, U.S.A. 


ONTAMINATED Al 


If your laboratory, plant, facility or area contains 
any radioactive facility, process or material—it is 
most desirable and often mandatory under law to 
protect yourself and others as well as provide per- 
manent chart records of airborne radioactivity. 

The possible hazard to you, your employees or 
your neighboring population of inhalation of radio- 
active airborne particles is far greater than that 
caused by general exposure to radiation from 
external sources. 

These factors have led Health Physics experts to 
urge that “time consuming surface monitoring 
procedures should be de-emphasized in relation to 
air sampling and bioassay criteria of absorption.” 





(Eisenbud, Blatz and Barry; NUCLEONICS, 12 No. 
8, 12, 1954). 

It follows, therefore, that reliable, accurate and 
sensitive monitors for airborne radioactivity are 
of the greatest importance in any laboratory or in- 
stallation where work with radioactive substances 
is in progress, 

Anton Air Particle Monitors are available in either 
fixed filter paper or moving filter paper models. 
Units are available for detection of alpha, beta and 
gamma. This equipment is based on the latest 
A.E.C. and Military designs and is available from 
immediate and continuous production. 


ANTON ELECTRONIC LABORATORIES, INC. 
1226 Flushing Avenue, Brooklyn 37, New York 


YES 
(_] Alpha 

NAME 

CO. OR INSTIT. 

ADDRESS 

CITY. 


\NTON ELECTRONIC 


send complete data about Airborne Radioactive Particle Monitors for: | 


(] Beta [-] Gamma 


This article starts on page 108 


—— Rodiolytic ~<Pyr 
decomposition 


FIG. 2. Transition temperatures for 
organic coolants. Transition tempera- 
ture is when pyrolytic decomposition 
begins to significantly increase over-all 
decomposition rate 


| standpoint it is desirable to operate the 
the 
| transition temperature where the pyro- 


coolant at a temperature below 
lytic decomposition begins significantly 
to increase the over-all decomposition 
rate of the coolant. 
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that the radiolytic decomposition rate 
is higher than that chosen as an illus- 
| tration in Fig. 2, the transition tem- 
|peratures would be somewhat  in- 
| creased and, hence, it would appear 
that the coolant could be utilized at a 
higher temperature. This is a conse- 
| quence of assuming that it would not 
| be desirable to operate a reactor at a 
temperature so high that the decom- 
| position rate would increase above that 
If the acceptable 


decomposition rate is above that result- 


caused by radiation. 


| ing from radiolytic decomposition, the 


| coolant temperature can be correspond- 


LABORATORIES, INC. 


A subsidiary of United States Hoffman Machinery Corporation 
1226 FLUSHING AVE., BROOKLYN 37, N. Y. 


ingly higher. Based on Fig. 2, the ap- 
| proximate transition temperatures are: 
biphenyl—435° C, terphenyl—425° C, 
| MMB (monomethylbipheny!)—400° C 
and MIPB—375° C. 
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Construction Progresses 
Rapidly at Westinghouse 
Testing Reactor 


The vapor container rises above ground while the 
administration building takes shape in the right back- 
ground at WTR. 

This 20-mw reactor will be available to industry in 
the spring of 1959 for high-flux irradiation experiments, 
including those conducted under high-temperature, high- 
pressure conditions. Auxiliary services will include: hot 
cells, rabbit tubes, reactivity measuring, critical experi- 
ment and gamma irradiation facilities. 

For contract reservations and assistance in planning 
nuclear materials tests, write: Westinghouse Testing 
Reactor, P.O. Box 1075, Pittsburgh 30, Pennsylvania. 


Photo taken July 20, 1958 J-59003 
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ITREOSIL 


FUSED QUARTZ 


MEETS YOUR 
CRITICAL 
REQUIREMENT 


Absolute Chemical Purity 


Extreme Heat Resistance 


Thermal Shock Resistance 


VITREOSIL fused quartz prod- 
ucts can be supplied in an un- 
usually large variety of types 
and sizes. Also fabricated to 
specification to meet semi-con- 
ductor requirements. 


TRANSPARENT VITREOSIL 
For ultra-violet applications, 
metallurgical investigations and 
processes, chemical research and 
analysis, photochemistry, spec- 
troscopy and physical, optical 
and electrical research and pro- 
duction operations. Send specifi- 
cations for your requirements. 
Please use coupon below. 
See our ad in 


Chemical Engineering Catalog 
THERMAL 
FUSED QUARTZ CO., 


18-20 Saler 


AMERICAN 
INC. 
New Jersey 


Street, Dover 


Please send technical data on 








Name & Title 
Street 
City 





State___ 





Zone 
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CROSS SECTIONS 


This article starts on page 10? 


ition and the agreement of results 
oorer still. Agreement is bad for 
ition widths and worse for fission 
dths; more experimental and theo- 
retical work is certainly necessary to 


clarify the situation. 


Partial Cross Sections 


Determination of partial cross sec 


tions much higher neutron 
an do total 
and further difficulties 


of 


neutron flux or 


re quires 
th 


ments 


fluxes cross section 
measur¢ 
‘ise from the necessity absolute 
easurement ot neu- 
nergy. Partial cross sections are 
still poorly represented compared with 
total cross sections, but definite prog- 
ress has been made in the last 3 years. 
Some examples 
Fission. The fission results show 
marked improvement, both in resolv- 
ing power in the ev region and the ab- 
| For 
8 in contrast to the 1955 informa- 
tion, we 


values in the Mev region. 


now have a number of results 
from laboratories throughout the world 
which agree extremely well in spite of 
fficult questions of counter effi- 
and absolute flux measurement 


; 


The 


prove 


results for U23* show similar im- 
There 


fission cross section at about 


ment is definite struc- 
TLhve 
v, as there is in the capture n, 4 
The onset of the n, 27 
1 is reflected in the fission cross 
The definite 
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paper 
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Despite the reactor de- 


cross sections, data has accumu- 
very slowly. Inspection of the 
BNL 325 


the number of cross 


reveals a 


SE 


definite gain in 
sections measured, but unfortunately 
the results here do not agree as well as 


the 
The situation is well illustrated by the 


results on fission sections. 


cross 


absorption cross section of gold, for 


which there are a number of measure- 


ments, in very poor agreement. 
Nonelastic and inelastic cross sec- 
tions. 


some time for a few nuclides, but these 


Results have been available for 


cross sections are particularly difficult 
to measure because of the necessity to 
determine 
the 


the energy distribution of 
scattered neutrons for each value 


’ Do you have * 
a monitoring 
problem? , 


WS y 
~~ ‘ 


Here are 2 ways 
to solve it... 


AUTOMATICALLY 
with NMC Air Monitor (AM-3) 


o 


For continuous and completely automatic monitor- 
ing. Records and warns of a, 8 and + radiation 
in airborne particles. Operates up to one week 
unattended. Designed for absolute containment 
of sampled radioactivity. Fixed or moving filters. 


Standard and custom units or complete systems. 


MANUALLY with 
NMC Proportional Counter (PC-3A) 


For spot sampling, evaluation and precision de- 
tection of a, 8 or y activity from prepared sam- 
ples of water, urine, soil, plants or airborne par- 
ticulates. Most versatile of all counting systems. 
Handles more sample types. Lowest background, 
fastest decontamination. Unexcelled efficiency for 
soft or hard radiation, such as H?, $*5 and Pu?*, 


SEND FOR FREE LITERATURE 


CZ Measurements 
Corp. 2460 N. Arlington Ave 


Phone: Liberty 6-2415 
INDIANAPOLIS 18, INDIANA 


international Office: 13 E. 40th St. New York 16, N.Y. 
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Interlocking lead brick and other unique lead protective products have 
been designed by Federated for the nuclear industry. Convenient lead containers, one pound to 10 
ton casks, and larger to your precise specifications. Federated is long experienced in fabrication of 
cast, rolled and extruded lead products, sheet, plates, and piping. Asarco’s Central Research Labora- 
tory offers a wealth of information about temporary and permanent structures to house or transport 
radioactive materials, For lead protection call one of the convenient offices of Federated Metals Divi- 
sion of American Smelting and Refining Company, 120 Broadway, New York 5, N. Y. In Canada, 


Federated Metals Canada, Ltd., Toronto and Montreal. 


FEDERATED METALS DIVISION OF 
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The creative person is a gifted individual who has the ability 

to form meaningful relations between previously unrelated things 
. .and connect abstract thinking with the concrete results. 

The ability of the creative person to communicate his ideas into 
practical application is universal in all fields of endeavor . .. 
Science as well as in the Arts. The same basic phenomenon 
conceives an idea and 
whether the individual is composing a symphony, writing 


carries it through to a benefiting conclusion 


a sonnet, developing a miracle drug, formulating a 
mathematical model or designing a nuclear reactor. 


The creative individual has always had the problem of finding 
the freedom to do his best work . . . the encouragement to continue 
... and the recognition and reward that should naturally follow 
his achievement. In the past decade the challenging field of 
Nuclear Power has proven itself to be . . . through its dynamic 
progress and results . . . one of the foremost champions of the 
creative individual in Science. Here at the Bettis Atomic Power 
Division of Westinghouse we depend upon the creative process. 
We take pride in recognizing it in the individual . . . its 
development by training and exercise ... and by making 
available the environmental factors that encourage it. 

If you are a U.S. Citizen and have an advanced degree in 
Physics, Mathematics, Metallurgy, or Engineering, and would 
like to apply your creative talents to this new, dynamic field 

of Nuclear Energy, write to Mr. M. J. Downey, Dept. #65, 
Bettis Atomic Power Division, Westinghouse Electric 
Corporation, P.O, Box 1526, Pittsburgh 30, Pa. 


abstract thinking 
z,and concrete 


BETTIS ATOMIC POWER DIVISION 
Westinghouse 


BETTER YOUR FUTURE AT BETTIS 
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CROSS SECTIONS 


This article starts on page 107 


of the incident energy. Recently tech- 
niques of time-of-flight measurement 
of scattered neutrons have shown 
promise, although very little data is 
yet available. One method based on 
measurement of the gamma rays asso- 
ciated with inelastic scattering has 
given information on about 20 nuclides; 
for neutron energies not far above 
the inelastic scattering threshold the 
gamma spectrum is simple and gives 
complete information on inelastic scat- 
tering However, there seem to be 
some serious difficulties in this method. 

The nonelastic cross section repre- 
sents all partial cross sections except 
elastic scattering and is relatively easy 


by sphere techniques using 


to measure 
threshold detectors. In general, the 
nonelastic cross section can include 
many processes other than inelastic 
scattering, but in practice (and for 
energies not too high above the in- 
elastic scatte ring threshold) these other 
processes are not significant. Thus 
for many cases the nonelastic cross 
section is essentially a measurement of 
the inelastic scattering. 


Prediction from Theory 


Reactor design requires prediction 
of a large number of neutron cross 
sections over a wide energy range. In 
the past, thermal cross sections have 
been the primary data used in design 
and these are sufficient for rough 
estimates, particularly for thermal re- 
actors. However, at the present time 
not only is it desirable to design 
reactors that operate at temperatures 
other than thermal, but also to con- 
sider the effects of resonance neutrons 
even in thermal reactors themselves. 
For reactors operating at high power, 
it is essential that cross sections of 
isotopes built up during operation be 
considered. 

The combination of measurements 


made at low energy with theories based 
on nuclear models could be of great 
value in reactor calculations, for this 
would allow calculation of average 
cross sections, self-protection effects, 
ratio of fission to capture, etc., at 
energies where measurements are im- 
possible at present. Much informa- 
tion can be obtained from low-energy 
resonances to help determine the dis- 
tribution laws of level parameters, 
thus supplying information on which 
theories can be developed and nuclear 
models tested. 
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CAST nuclear stainless steel 
valves and fittings now proved 
economical with superior strength 


Cooper Alloy cast nuclear-service stainless 
steel valves and fittings are saving money, 
providing greater strength in AEC-contract 
plants today. Here’s the story: 


rhis Cooper Alloy stainless steel fitting for nuclear 
service, here being machined, possesses a yield , 
f 26,000 psi at 650°F.—20% higher than 
values specified by code. 
Cooper Alloy 16” stainless steel gate valve body 
illustrates the wide range of nuclear valves and 
fittings now being cast by Cooper Alloy for atomic s 
energy service. 





YIELD STRENGTHS: CAST vs. FORGED STAINLESS STEEL 
Cast Stainless Steel 
SA351-CF8 
Forged Stainless Steel 
SA182-F8-304 17,900 psi @ 650°F.(') 


Cooper Alloy Cast Stainless Steel 
AST M351-CF8 22-27,000 psi @ 650°F. (?) 


_.18,400 psi @ 650°F.(*) 


1) Figures represent minimum yield strengths uired by 
ASME Unfired Pressure Vessel Code, Section VIII, and 
have been calculated as follows: 

. allowable stress 
ys) See 
2) Figures taken from tests of actual heats of material 
manufactured by Cooper Alloy for the AEC’s SPERT IIT 
program at Idaho Falls, Idaho (see Nucleonics, Aug. '57). 











Strength: As the figures in the accompanying chart show, 
Cooper Alloy is currently achieving what many have 
described as “the impossible”: producing 304 ELC stain- 
less cast valves and fittings consistently with yield 
strengths of 22-27,000 psi at 650°F.! These superior 
physical properties are finding wide application in meet- 
ing the exacting strength and economy demands of the 
nuclear industry. 


How It’s Done: These outstanding properties have been 
achieved by utilizing skills developed through Cooper 
Alloy’s over 35 years of experience in casting stainless 
steel exclusively. In particular: e Use of proper directional 
solidification, achieved by proper mold design, plus 
foundry know-how in metal feeding, ensures a sound 
solid casting. e An exact balance of chemical composition 
develops the maximum strength characteristics inherent 
in the complex structure of stainless steel alloys. « Incor- 
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poration of foundry considerations into valve and fitting 
designs ensures maximization of the alloy’s and the 
item’s potential. 

Quality Controls: In addition to all usual checks, such as 
100% X-ray examination and dye-penetrant surface 
testing, all components are subjected to a 6,000 psi 
hydrostatic pressure test. 


The Costs: Savings up to 40% have been achieved with 
sizes of fittings running from 8”"—24”. 


‘ant more information? Telephone or write the Nuclear 
Division, Cooper Alloy Corporation, Hillside, N. J. 


cooper ( ALLoy 


Corporation + Hillside, New Jersey 
THIRTY-FIVE VEARS OF STAINLESS STEEL PIONEERING 





American makes it easy 
to set up your Own 


decontamination laundry 


The American Laundry Machinery Com- 
pany’s planning service and equipment 
make it easy for nuclear plants and lab- 
their 
tamination and laundry facilities 


oratories to establish own decon- 


Our engineers, with years of experience 
in laundry planning for nuclear plants, 
will analyze your requirements and fur- 
nish complete plans and specifications for 
your installation. 

In addition, American's 
controlled, labor-saving equipment is par- 


automatically 


ticularly suited for washing and decon- 
taminating clothing exposed to radioactive 
or toxic materials. 


For complete information on nuclear 


plant laundry equipment, call your nearby 


American representative, or write for 
Catalog 2642. 


You get more from 


REACTOR PROJECTS 
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ntral region. The brace consists of 
2 spacer blade to the graphite channel 
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In Reactor No. 1, 
elements in the first, and on¢ 
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in the second, loading have failed. In 


the first loading of Reactor No. 2 there 
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CALDER CHART shows typical responses to 
changes in gas inlet temperature, coolant 
flow and control rod position after a fuel 
irradiation of ~440 Mwd/ton and for 
moderator temperature coefficient of + 4.7 


x 10 Cc 


four positive ntihed 
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nel flow 


possible 
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coolant loop 
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its welds the leak rate is con- 
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the re- 
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the auxiliary loops. 
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access to this area is not 


quired. At the surface of the heat 
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Very little particulate activity is 
carried around the loop by the coolant 


less than | me at any time—and only 
small amounts of radioactive solids are 
removed by the filters. After a period 
of operation of about a year, the heat 
exchangers were entered and inspected 
and the main circulators opened for in- 


spection and maintenance. Inside the 
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advertisement 


RARE EARTHS AS NUCLEAR POISONS 


Cost and availability are no longer problems 


elopments in the cost 
if the neutron absorb- 
ire redirecting the at- 
| rod designers to the 


iterials as poisons in nu- 


in the rare earths was 
pium because of its su- 
sorbing properties and 
At that time, all the high 
re earths were scarce 
ind the metallurgical 


elatively unexplored. 


PRODUCTION FROM ION EXCHANGE 


nsiderable experimental 
levoted to dev elopment 
fabricating techniques 
vement of separation 
Isay pioneered the first 
installed ion exchange 
the production of rare earth 
) purities up to 99.99%. 
more than 100 columns with 
duction units of eighteen inch 
inch diameters are in continu- 
ous operation at the Lindsay plant. All 
nt neutron absorbing rare 
now available, not only as 
xxide which can be custom made 
with regard to density and particle size, 


is the boride, disilicide, or 


One important by-product of the ad- 
vances in separation technology is that 
several of the rare earth absorbers have 
become common materials. The prices 


} 


of oxides of gadolinium, samarium, er- 


bium, dysprosium and europium have 


a report by LINDSAY 


all tumbled sharply. Only europium is 
priced above $1 per gram; samarium 
and gadolinium are but a few cents per 
gram. 

We know of course that europium is 
the most effective control rod material, 
but because of its scarcity, it will al- 
ways be the most expensive rare earth 
absorber. Control rod designers now 
need to consider price, as well as prop- 
erties, when selecting rare earth mate- 
rials as control rod poisons 

Except in high flux reactors requir- 
ing few control rods, it is uneconomic 
to use europium as a primary poison; 
most commercial reactors do not need 


it except for its ability to absorb 


epithermal neutrons. Therefore, we 


suggest that control rod designers con- 
cerned with fluxes of about 2 x 10% 
consider gadolinium as their primary 
poison, w ith samarium dy sprosium, 
erbium, or europium as additions to 


achieve desired rod worth. Where both 


cost and performance are factors, the 
rare earths are no longer exotic, but ac- 
tually superior to other materials 
Furthermore, the prices quoted for 
certain mixtures of the rare earths may 
be well below those quoted for each 


material separately. 


AMPLE CAPACITY TO MEET DEMAND 


Lindsay has expanded production fac il- 
ities and has ample capacity to meet 
anticipated demand for neutron 
poisons in the foreseeable future. Our 
technical staff is familiar with both con- 
trol rod and rare earth separation tech- 
nologies, and is available to help you 
select the most economical mixture of 
materials. 

We have a wealth of technical data 
and ideas relating to the use of various 
rare earths in control rods, some of 
which is contained in our brochure 
“Rare Earths as Poisons in Nuclear Re- 


actors.” A copy is yours for the asking. 


THORIUM ...a superior fertile material 


Lindsay is the world’s largest producer 
of both rare earth and thorium chemi- 
cals. Thorium and thorium oxides are 
being used and proposed more and 
more in new reactors in spite of the 
temptation to use uranium in order to 
capitalize on the temporary high buy 


back price for Pu. Thorium materials, 


PLEASE ADDRESS INQUIRIES TO 


particularly the metal, can operate at 
higher thermal conditions than their 
uranium counterparts, and show a 
somewhat higher thermal conductivity. 
The » for U2? is much higher at ther- 
mal neutron energies than » for any 
other fuel; the Th-U=** cycle is the best 


hope for breeding in thermal reactors. 


American Potash & Chemical Corporation 


272 Ann Street, West Chicago, IIlinols 


_ LINDSAY CHEMICAL | )IVISION 
| 
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RID THE BODY OF 
CAUSTICS and CHEMICALS 
Instantly! Thoroughly! 


ACCIDENTS with caustic chemicals 
strike with shocking swiftness—and 
Haws Drench Showers are instant- 
ly ready to deliver relief just as fast! 
A solid downpour washes away de- 
structive materials—saving seconds 
until medical aid arrives, possibly 
averting serious injury and exces- 
sive compensation claims. Haws 
Drench Showers can help you! Write 
for details and illustrated literature. 


MODEL 8935— Drench shower augmented by 
Haws eye-wash fountain. A complete safety 
station — always ready! 





DRINKING FAUCET Co. 





(Since 1909) 
1443 FOURTH STREET - BERKELEY 10, CALIFORNIA 


CAUTION 
4,0 
s 


DANGER) All READY MADE Radiation 
Signs conform in color and 
design with standards specified 
by the Atomic Energy 
Commission. Many: stock 
wordings available . . . special 
signs made to your own 
specifications. 


e Write for catalog 


SIGNS FOR SAFETY 
READY MADE SIGN CO. INC 
115 Worth Street New York. 13, N. Y. 


signs for industry since 1861 


REACTOR PROJECTS 


This article starts on page 72 


heat « xchangers there is a dust hazard, 
but surface contamination is <1,800 
cpm/it*, ar | entry to the heat ex- 
changer is possible for personnel wear- 
ing dust masks. The activity on the 
internal surfaces of the circulators is, in 
general, 6,000 cpm of combined beta 
and gamma activity so that no restric- 
tions or special clothing are necessary 


for maintenance personnel 


A-building 


Britain 


Four arge two-reactor nut lear power 
stations for civilian electricity genera- 
tion are daily rising higher into the 
skyline of rural Britain. When bids 


were sought in late 1955 by the nation- 


| alized electricity supply body, there 


was no limit on plant output: the only 
requirements were low specific capital 
cost and minimum unit generation cost. 
Metallurgical research on materials and 
fuel elements were assumed to be 
common to all competing designs and 
were undertaken jointly by the Atomic 
Energy Authority and the industrial 
groups. Private research by the groups 

and in keenest competition was di- 
rected to improving the design of indi- 
vidual components and to the further 
development of extended surfaces for 
heat transfer on the fuel elements and 
boiler tubes to secure the greatest 
possible increase in steam conditions 
without significant increase in oper- 
ating temperature of the magnox fuel 
can. 

Bradwell (263) and Berkeley (264) 
were the first two English stations 
awarded, and they are the furthest 
along, with the first reactor at each site 
due for startup late in 1960 and the 
entire station to be in operation at full 
power early in 1961. Both represent 
significant advances in output and 
steam conditions over Calder Hall 
(NU, Jan. ’57, R5), yet were to be 
themselves eclipsed only eight months 
later by the plans for Hinkley Point 
(NU, Oct. ’57, 24). Among the most 
significant innovations—aside from the 
use of 3-in. steel for pressure vessels, 
permitting higher operating pressures 
than the 2-in. steel of Calder—are the 
fuel element designs (see p. 102) and 
the machines for charging and dis- 
charging of fuel elements while the re- 
actor is in operation. At Bradwell, 
for instance, the charge machine (see 
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New— a low cost neutron generator 


Designed for 


For further information, write: 


TEXAS NUCLEAR CORPORATION 


P.O. BOX 9267 ° AUSTIN 17, TEXAS 


(AYA) 


<P 


CAN SAVE You TIME 


THI PRECISION SCALE 


MONEY 
K-4 T: 
vas Coen HEADACHES 


CAPACITY: 4000 G 

RANGE OF OPTICAL SCALE: 1000 G 
PRECISION: 0.2 G 

SPEED: 20 WEIGHINGS PER MINUTE. 
EQUIPPED WITH TARING DEVICE TO 500 G 


Mettler has many other models. 
Write today for our complete file. 


\// Mi lt | at Mf ly) MS TTY 1 


iicl bahach a. Pa Pee ae} aces -eslel, 


Vol. 16, No. 9 - September, 1958 





Analytical Services 
by 
NUMEC 


Expert analysis and testing by experi- 
enced personnel using the most ad- 
vanced equipment is essential for con- 
sistent high quality in nuclear fuel and 
control materials. 

NUMEC, as a producer of such ma- 
terials, has the men and equipment for 
this work, and is able to offer a variety 
of analytical services to the nuclear 


energy industry. These services incl 


ude 


Optical emission, X-ray fluores- 
cence and X-ray diffraction spec- 
troscopy 

Uranium isotopic assays 
Wet analytical chemistry 
Metallography 

Tensile, fatigue, hardness, 
pact and burst testing 
Helium mass spectrometer 
detection 


leak 
High-temperature, high-pressure 
corrosion testing 


We welcome inquiries on these and 
our other services and products 


NUMEC 


Nuclear Materials 
and Equipment Corporation 


Apollo, Pennsylvania 


Telephone: GRover 2-8411 
134 


Cable NUMEC 


REACTOR PROJECTS 


This article starts on page 
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The Hunterston station (74) being 


uilt in Scotland is much like Bradwell 


and Berkeley, awarded at the same 


of the 
i with 300 
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reduced Continued 
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REASON FoR PREFE® 


Tubexperience in action 


ane 


X ray checks 9 critical weld 


Precision welds of hafnium and Zircaloy plate in 
a costly reactor component go under X ray at 
Superior’s Nuclear Products Division 


* Nuclear reactor components—complex structures, control 
rods and channels—made from the reactive metals are ex- 
tremely difficult to fabricate and usually represent many 
thousands of dollars in material and labor. Each end product 
must undergo thorough X-ray examination. Since we usually 
consider even the smallest defect cause to reject the entire 
unit, the workmanship called for is necessarily of the highest 
caliber. In addition, Superior has developed unique welding 
methods, special equipment and fixtures to make possible 
such precise fabrication. 


For example, our engineers have adapted the use of con- 
trolled atmosphere chambers for welding and can produce 
welds with complete penetration of the materia!. Other equip- 
ment, much of it special in design, includes hydraulic forming 
presses; machine tools for swaging, beading, flaring and ex- 
panding; five vacuum furnaces; pickling and rinsing equip- 
ment; high-pressure, high-temperature autoclaves for cor- 
rosion tests. 

If you need specially fabricated components, whether for 
nuclear reactor installations or not, consult our Nuclear 
Products Division. For more information on our facilities 
and services, send for a copy of Data Memorandum +23. 
Superior Tube Company, 2027 Germantown Ave., Norris- 
town, Pa. 


Syoevar lade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 24% in. OD 





West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. e RAymond 3-1331 
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TRANSLATED from RUSSIAN ®=4°T°R PROJECTS 
by bilingual physicists 


France 


The French are pursuing a very inde- 

T pendent program, much more so than 
HE SOVIET JOURNAL OF ATOMIC ENERGY might be concluded from a very cur- 
(Atomnaia Energiia) sory glance that sees no more than the 

nae , rae ! fact that they, like the British, are 
This is the only cover-to-cover translation of this important journal, going the gas-cooled graphite-moder- 
and reports the latest Russian advances in: atomic physics; atomic ated route. The original single de- 
engineering; atomic raw materials; applications of radioactive isotopes velopment program of the Commis- 
in industry, agriculture, biology and medicine. sariat A |’'Energie Atomique, marked 
12 issues per year back in January 1956 by completion of 

“A ; France's first power reactor, G-l, is 
Single issues now being paralleled by the civilian- 
power program of the nationalized 


SUPPLEMENTS TO THE utility Electricité de France: each is 


now occupied with two large power re- 


JOURNAL OF ATOMIC ENERGY, 1957: actors. the first of which. G-2. went 


, —_ critical in July (NU, Aug. 58, 19). 

No. 1 The Physics of Fission. 12 papers; 290 pp........ .$30.00 G-2 |G for graphite] and G-3 (1134 
Nos. 2-3 The Theory of Thermal Neutron Nuclear Reactors. are, like Calder Hall, intended pri- 
Two parts, 11 chapters, 33 marily for plutonium production and 

pendix ree brand $ . only secondarily for power (40 Mw(e 

ach): bh ew have aleo served as 

Elementary Particle Accelerators. 8 papers, 68 pp..$15.00 ee oars se Me 

Nuclear Reactions in Light Nuclei. 10 papers, 75 pp.$15.00 (see Fig. 2). Their fuel channels are 


horizontal, not vertical. The reactor 

. t . 9 , “ 2 
Th ogy oO ee i. se s - 
e Geology of Uranium. 12 papers, 130 pp Jeonel to af Whibiiieeed eiisecte, 46 2 


case-bound ... seats Fae ere .....$10.00 -d 


serves at once for pressure resistance 


RUSSIAN-ENGLISH GLOSSARY and as biological shield. The coolant 


flow is divided into primary and 


OF NUCLEAR PHYSICS AND ENGINEERING secondary circuits: the primary in turn 


has two independent headers or mani- 


. X 59 ft long, under 220 psi; this 


Contains over 12,000 Russian scientific and technical terms, as well 
folds, with one stream cooling the 


central core (581° F outlet, 1,806 Ib 
physics and engineering. It incorporates all terms in the USSR sec flow rate) the other a peripheral 


as ordinary expressions and idioms with special meaning in nuclear 


Academy of Sciences Dictionary of Nuclear Physics and En- zone (669° F outlet, 387 Ib/see flow 
gineering, to which more than 2000 additional terms have been rate). The latter also cools the 
graphite wall and the thermal shield. 
The secondary circuit cools the con- 
crete vessel. This arrangement of the 


SOVIET SCIENCE AND TECHNOLOGY coolant circuits makes for better 


hl . ‘ : . utilization of the fuel. 
A monthly guide to Soviet Research—contains translated tables of There are 28 fuel rods 13 in. long in 


contents to the latest available Soviet issues of all Russian journals each of the 1.200 channels: the channels 
for which cover-to-cover translations will be published, together with are 234 in. dia, the fuel rods 114 and 
pertinent information as to publisher, prices, and estimated dates of 144 in. dia with fins centering the 
publication of the translation 12 issues per year.......$25.00 cartridge in the channel. The natural- 
is =r " U cartridges are jacketed in magnesium 
Special Offer: 1957 SST, One Volume .... $15.00 alloyed with 0.8% sirconium; maxi- 
mum surface temperature is 752° F. 


p : Another unusual feature is the design 
Write for Brochure describing all phases of the Consultants . 


: — : of the apparatus for recharging while in 
Bureau Russian-English translation program. sie SINE 


operation (G-2 is the first reactor so 
equipped to be completed). At the 
loading face a shielded, pressurized 


CONSULTANTS BUREAU, INC. © ‘i=: s sve i’ pas i 


can accommodate the 28-ft channel 


227 West 17th Street, New York 11. N. Y. plug and enough slugs to refill a whole 


channel. The fresh elements are slid 


Telephone: Algonquin 5-0713 Cable: CONBUREAU NEW YORK | into the channel, pushing out irradiated 
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Westinghouse NEUTRON DETECTORS 
set the industry standard 


WL-6377 Compensated lon Chamber: WL-6376 Dual-Range Fission Chamber: WL-6337 Uncempensated lon Chamber: 
Electrical compensation—guard ring All-aluminum construction—U-235 coated Guard ring design. All-aluminum 
design. All-magnesium construction—B” electrodes. As a pulse counter: Thermal neutron construction—B” coated electrodes. 
coated electrodes. Thermal neutron sensitivity, 0.7 counts/neutron/cm*; Operating Thermal neutron sensitivity: 4.4 x 10°* 
sensitivity: 4.0 x 10° amps/nv. Gamma neutron flux range, 2.5 to 2.5 x 10° nv. As an amps/nv. Gamma sensitivity: 5.0 x 10 
sensitivity: 3.0 x 10°" amps/R/hour. uncompensated ion chamber : Thermal neutron amps/R/hour. Operating range: 2.5 
Operating thermal neutron flux range: sensitivity, 1.4 x 10°” amps/nv; Gamma x 10* to 2.5 x 10"nv. Passes 

2.5 x 10* to 2.5 x 10" nv. Passes Bu Ships _ sensitivity, 4.2 x 10°" amps/R/hour; Operating MIL-STD-167 (Type 1) for vibration 
40T9 for vibration and MIL-S-901 for range, 5 x 10° to 1 x 10*°nv. Passes MIL-STD-167 and MIL-S-901 for shock. 

shock. (Type 1) for vibration and MIL-S-901 for shock. 


WL-6307 BF, Proportional Counter: WL-6898 BF, Proportional Counter: WL-6938 High Sensitivity Proportional 

All-aluminum body—enriched BF, filled All-aluminum body—enriched BF, filled Counter: Contains four elements similar 

Thermal neutron sensitivity: Thermal neutron sensitivity: to WL-6998 in polyethylene moderator. 
4.5 counts /neutron/cm? 13 counts /neutron/cm* Aluminum body 

Operating range: 0.25 to 2.5 x 10* nv Operating range: 8 x 10° to 8 x 10° nv Thermal and intermediate neutron 

Passes MIL-STD-167 (Type 1) for Passes MIL-STD-167 (Type 1) for sensitivity: 45 counts /neutron/cm* 
vibration and MIL-S-901 for shock vibration Operating range: 2.2 x 10 to 2.2 x 10° nv 


Thanks to its wide experience in Atomic Energy, Westing- Soe Oe oe GE CLIP AND MAIL COUPON GS GE OE GE GS ag 
house leads in the Neutron Detector field. Westinghouse 
makes a complete line of Neutron Detectors for nuclear 
instrumentation of reactors and critical assemblies. Produc- 
tion quantities are available. For complete technical data, 
mail the coupon today. SAMPLE ORDERS INVITED! 


COMMERCIAL ENGINEERING DEPT 
WESTINGHOUSE ELECTRIC COMPORATION 
P. O. Box 284, Elmira, N. Y. 


Please send me full information on sieunsencelee Neu- 
tron Detector(s) types ° 





TITLE... 





you CAN Be SURE...1F ITS 


Westinghouse 


Electronic Tube Division, Elmira, N. Y. 
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REACTOR PROJECTS diffusing from the fuel. Surrounding 
Looking for This article starls on page aes graphite reflector having 


ertical fins protruding into 
Nuclear Components? So a le the fins are vertical 


» to bottom mmo- 


Look what C.H. Wheeler |/‘0,itcined same anda stem of die safety ro inthe form of aim 
offers you: p d perore ! pent slugs can 45€% 


g tank the 


a hot cell containing 


-controlled machinery for weld 
slugs into an aluminum 
The burst-slug detection system 
embles that of Calder Hall. 
EDF-1 ind EDF-2 1135) aré 


near 
Cal 


Belgium’s N 
Westinghous ‘ 
125-Mw(¢ lirect-cycle boiling-water 
reactor (1/801) planned ‘‘with a view 


returns to a vertical 


The experience you want: C. H. Wheeler has been snment in a steel reactor 
designing and building equipment for atomic energy 3 1.. 75 ft high). surrounde: 
instaliations since 1939, when the first nuclear chain 
reaction took place; and has been building power 
plant equipment since 18387 tur! be enclosed in a steel 
= P re it 140 tons of natural U 


rete shielding tower whi 


f graphite will be ec 
entering the 
leaving at 671 
The 2-ft-long 
dia, they 
hole, to 
Noteworthy 
ger: it will be 
nence le wmte Df 
The engineering you need: At C. H. Wheeler, a fully i aggpaath aces rae Sweden 
staffed, imaginative Engineering Department is at _ gon math Adam, the 75-Mw/(th) space-heat 
your disposal, ready to provide new design ideas to ey will be separately removabi I 
meet your most exacting requirements. _ factory matatenemee after decantansi. *eector (198) andR-3 : 36-M A otd 
> t eat producer 


uigh, weighing 20 tol 


vithout. affecting the operatior 


-2, to be completed 18 mon 
EDF-1, will have a spherica 


e fuel 
ssel packing 250 tons of " 


{ lant 
do away with the containment oolal 


ere, and put out 170-210 Mw(« 


Norway 
West Germany The Halden boiling-water reactor 


The pebble-bed reactor (1054 for process steam (459, 561) is now o1 
The manufacturing facilities you must have—Modern <4. tod in July by Brown Boveri Co » way to completion by 
precision machinery and highly skilled, experienced , : pneten weber and esiitent 
technicians enable us to produce canned pumps, #0 Friedrich Krupp for the AVR Pe ee pth 
glandiess valves and many other specialized items. utility combine (NU, Aug. ’58. 26) will l. This $3.7 
Whenever you see the name C. H. Wheeler on a prod hicl 
uct, you know it’s a quality product 
Write for information on: it ‘= ‘ , 
PRESSURE VESSELS + CANNED PUMPS - GLANDLESS a Oe a we | > a Pek “3 
VALVES - MEAT EXCHANGERS & CoNDENseRs fUcled with uranium carbide balls 2 in. Sweet ee ee 
thorium carbide balls 23¢ in. ist of natural metal rs canned 
U is 20% enriched, for a total in aluminur upplied by Britain's 
enrichment of 3-4% with an AEA spiked h enriched UO; 
of 50 kg U*** and 1,200 kg __—ipeliets; the seco harge will be uni- 
Ty Tt. ‘neker = =ehange form 
C. H. Wheeler Mfg. Co. ap File en Page 
irectly above and a tank for cooling Italy 
il unit, so that the entire Site sel n and bid invitation pro- 


is shielded integrally. This cedure for the SENN power plant are 


construction, and affords described (1364). Nine firms in three 


vith gas cooling within a tem whl v1 ipply steam 


range of 1,112-1,832 and-pulp mill, is located und 


Atomic Products Division 


Vue pent balls below all form one 


. : ice » primary circuit is countries (U. 8., U. K ance) are 
Serving Industry For Nearly Three-Quarters the primary circuit i — U. K., Frat in 


Of A Century act ed by gaseous fission products now awaiting selection of one bidder. 
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Research 
Reactors 


JEEP, v-water research re- 
tor Netherlands-Norwegian 
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GETR—the nation’s first privately financed engineering test reactor 


IRRADIATION SPACE AVAILABLE 


The General Electric Test Reactor, 
combining high flux and flexible ex- 
perimental spaces, can handle a wide 
variety of experiments to meet your 
research and development program re- 
quirements. The 30,000-kw(t) GETR, 
located at the General Electric Vall- 
ecitos Atomic Laboratory, has irradia- 
tion spaces available in the reflector 
and in the core, including both capsule 


and loop positions. Fluxes range up 
to 2.0 x 10“n/cm*/sec. perturbed. 


Commercial operation is scheduled 
for December 1958. Reactor space 
commitments are now being made. 
For information and price data, write 
to: Manager—sales, Section 197-8, 
Atomic Power Equipment Dept., Gen- 
eral Electric Co., San Jose, California. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


You get MORE than accurate counting 


with 


SODECO Electric Impulse Counters 


SODECO just starts with counting accuracy. With SODECO 


Electric 


impulse Counters you get many additional 


built-in 


advantages which enable you to use them for your toughest 


counting problems. 


SODECO TYPE TCeZ 
Mechanica! Reset 


© Just touch the toggie— 
Counter resets to zero. 





nstantly 


For example: 


SODECO TYPE TCeF 
Instantaneous Electrical 


® Counter resets electrically 


* Fast—counts up to 25 
impulses/ sec. 


* Compact — suitable for 
flush mounting. 


* Low power demand — 
used in electronic cir- 


or" cuits. 


Both types are available with auxiliary contacts which allow you to connect 
them to other counters for applications such as batch counting, recycling, etc. 


No matter what your | 
counting problem, you 
can count on SODECO | 
for the answer. Write | 
for complete informa- : 


LANDIS & GYR, INC. 


45 West 45th Street New York 36, N. Y. 
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For Ulitraviolet-Visible Spectrophotometry 


The Cary Model 11 provides performance comparable to 


the finest ; cost comparable to the cheapest. 


Considering the purchase of a 
recording spectrophotometer? The 
following comments may help you 
get much more for your money. 


Most spectrophotometer users regard 
the Cary Model 14, with its 1860 A 
to 2.6 mu wavelength as the finest 
recording spectrophotometer avail- 
able. We have been surprised to dis- 
cover that quite a few people 
do not realize that the Model 14 
has a companion instrument—the 
Cary Model 11—which gives the 
same high quality of the Model 14 
at a cost comparable to the lowest- 
price recording spectrophotometer. 
The difference between the Model 11 
and the Model 14 is in wavelength 
range. Of course, where the wider 
wavelength range is required, the 
Model 14 is the finest instrument 
available. However, for applications 
in the ultraviolet and visible ranges 


(2100 A to 8000 A) the Cary Model 
11 provides the same high degree of 
accuracy, ruggedness, and dependa- 
bility as the Model 14, as well as its 
convenience and flexibility, including 
linear wavelength recording, speed of 
scanning, accessories, etc. Important 
performance data on the Cary Model 
11 are outlined below . 


Stray Light: Less than 0.0001% over 
most of the range. 

Scanning Speeds: 1.0 A per second 
(ultraviolet region) to 125 A per 
second ( visible region ). 

Resolution: 1.0 A or better throughout 
most of the range. 

Wavelength Accuracy: Better than 5.0 
A in the ultraviolet region and better 
than 10.0 in the visible region. 
Reproducibility : Better than 0.5 A in 
the ultraviolet and 3.0 A in the vis- 
ible region. 

Photometric Reproducibility: Reproduci- 
bility better than .004 in absorbance 
can be achieved with the Model 11. 





20,000 HOURS OF SERVICE WITHOUT MAJOR REPAIRS 


The first Cary Model 11 was produced in 
1947, and since then nearly every lead- 
ing analytical laboratory in the United 
States—and many abroad—has acquired 
one or more Model 11’s. The perform- 
ance, flexibility and reliability of the 
Model 11 have been proved in all kinds 
of research and control applications. 
One of the first instruments to be man- 
ufactured—Serial No. 2—was recently 
overhauled at the factory after having 
been in use twelve hours per day for 
over six years without requiring any 
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service other than routine maintenance. 
This instrument has now begun a second 
stint of reliable service which will 
undoubtedly run into additional thou- 
sands of hours. 


FREE BULLETIN 

If your spectrophotometer applications 
are in the visible or ultraviolet range, 
investigate the many advantages of the 
Cary Model 11. For complete informa- 
tion write to Applied Physics Corpora- 
tion, 362 West Colorado Street, Pasadena 
1, California, for Bulletin K3-98 
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TOMORROW’S PLANE RIDES 
...@ lower berth 


The world’s most unusual railroad has one engine, a handful of 
flatears—and several hundred engineers, nuclear type. It is part 
of a Radiation Effects Facility designed by Vitro Engineering 
Company for one of America’s leading aircraft firms. 


The railroad’s job: It will transport whole aircraft components 
into an irradiation chamber large enough to hold six loaded 
flatears. The doors swing shut behind the laden flatcars, and a 
powerful reactor rises from a subterranean pool to bathe the 
aircraft components in a dense sea of neutrons and gamma rays. 
Once the reactor is caged, the doors of the test chamber swing 
open, and the flatear and cargo are remotely humped to an 
isolated portion of the 10,000-acre preserve for radiation cooling 
before being transported to the Radiation Effects Laboratory 
for minute study. 


From this $15,000,000 center, which includes a General Nuclear 
Laboratory as well as Radiation Effects Laboratory and Radia- 


tion Test Facility, will come tomorrow’s nuclear plane—built of 


components able to withstand the environment of a nuclear 


propulsion plant. 


Vitro Engineering Company is architect engineer for this entire 
facility, including site development work, necessary utilities, 
warehousing, as well as the major test facilities. It is also 
serving as liaison with construction personnel for the 
aircraft company which will operate the facility. 


Vitro Engineering has designed more nuclear 
facilities than any other architect 
engineering firm in the world. 


ENGINEERING COMPANY 


a= 
STO 225 FOURTH AVE., NEW YORK 3, WN. Y. 
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Hollow Bored 
and Honed 
COMPONENTS 


for ATOMIC POWER APPLICATIONS 


AHB works in high temperature—high pressure alloys and stainless 
materials to specified accuracy—tested and certified to meet rigid 
Nuclear Power specifications. AHB bores and hones up to 16” LD. 


and lengths in excess of 30 feet. 


Send your bored and honed part specifications to AHB, for that 
is our exclusive business—day in, day out. 
A telephone call to Erie 2-3664 will answer immediate questions. 


Uy 


A recognized and approved source 
in the growing Nuclear Industry 


AMERICAN HOLLOW BORING CO. 


1948 Raspberry St., 


Erie 4, Pa. 


LEVINTHAL 


scintillation transducer 
(integrally packaged 5-in. crystal, photomultiplier, and preamplifier) 


combination of these elements improves trans- 
mission, increases pulse height, and optimizes 
resolution. 

Levinthal Nal(TI) crystals, produced in a new 
facility backed by several yeors of research, 
offer improved uniformity of thallium distribution 


ond improved optical clarity, documented in 
routine monochromator recordings. 

Send for data sheets or additional information 
on these transducers or on Levinthal crystals 
either unmounted or specially mounted to meet 
your individual requirements. Contact: 


a 


LEVINTHAL ELECTRONIC PRODUCTS, INC. 


STANFORD INDUSTRIAL PARK 
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PALO ALTO 3, CALIFORNIA 


ae NUCLEAR DIVISION 
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TOBE 


CREATIVE 
ENGINEERING 


THE NRG-200 
SERIES OF 
LOW-INDUCTANCE 
THERMONUCLEAR 
ENERGY- STORAGE 
CAPACITORS 


NRG-200 SERIES SPECIFICATIONS 


Watt Rating Self Inductance 
Seconds | ys¢q. | DC Peak | ‘Microhenries) 











Type 
No. 





NRG-201| 1000 5.0 20 KV 04 
NRG-202/ 1500 7.5 20 KV 
NRG-203/| 2000 10.0 20 KV 
NRG-204| 3000 15.0 20 KV 
































Tobe now announces the availability 
of a series of reliable, low-cost energy- 
storage capacitors for thermonuclear 
equipment and similar applications. 
The NRG-200 series capacitors have 
a minimum life expectancy of 1000 
operations, and may be operated at 
ambient temperatures up to 40°C. 
Maximum permissible reversal volt- 
age is 90%. They can be discharged 
into a very low-impedance load with 
complete safety. 
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For further technical information or 
engineering aid, write Tobe Deutsch- 
mann Corporation, Norwood, Mass. 


Specify 


TOBE DEUTSCHMANN + CAPACITOR PIONEERS SINCE 
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Reactor 


W I Spinks Some recent 


Tapering the design of this Corning radia- 
tion shielding window housing makes it 
lighter—easier for you to handle and install. 














Tapered window for hot cells 
installs faster and easier 


To make it easier to install your hot 
cell window, Corning has developed 
this new tapered housing design. 
The tapered design cuts off excess 
weight, makes the window easier to 
handle. Molding of the hole in your 
hot cell is simplified. And grooves in 
the housing and casing help guide 
the window accurately into place. 
Inside the casing you'll find the 
same dependable glasses that over 
200 hot lab installations are using 
today. Glass that’s been specially 
developed by Corning for radiation 
shielding. This glass is crystal clear, 
and stays that way. And it’s safe— 


¥ 


gives you both protection and good 
viewing characteristics. 

You get this Corning radiation 
shielding window as a completed 
package—ready-to-install. Just speci- 
fy wall thickness, energy level, and 
desired viewing area of your hot cell 
to Corning engineers. We'll do the 
rest . . . and deliver on time. 

This newly designed window costs 
no more. Get it as a completed pack- 
age, filled with index oil and ready to 
install. To learn more about window 
types and specifications, write the 
Plant Equipment Sales Department, 
Corning Glass Works, Corning, N.Y. 


CORNING GLASS WORKS 


16-9 Crystal Street, Corning, New York 
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Most of these substances can be supplied fron 
lived isotopes, at reasonable notice—and their specific activity and chemical 


purity are generally the highest available today. 


Some examples from our current production are: 


Compounds of 
Pharmacological 
Interest : 


Rubber 
additives : 


Dapsone-S3 5 
Thiosemicarbazide-S 3 ; 
Sulphobromophthalein-S3 5 
Dimercaprol (B.A.L.)-S35 
6-n-Propylthiouracil-S3 s 
Tetraethy] 
Di-iodofluorescein-I1 31 
Rose Bengal-I131 
Diodone-I1 31 
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Thiocarbanilide-S3 5 

Potassium dimethyldithiocarbamate-S3 5 
Tetraethylthiuram disulphide-S3 5 
2-Mercaptobenzthiazole-S3 5 

Benzthiazy! disulphide-S3 5 
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How to improve 
the reliability of 
electronic circuitry 





The demand for greater reliability of electronic instrumentation in 
research and engineering development is growing every day. 

For exacting applications, you can raise the reliability factor of 
your circuitry by using RCA “Premium” Tubes. These high-qual- 
ity tubes are rigorously controlled for shock, fatigue, low-fre- 
quency vibration performance, heater-cycling life performance, as 
well as stability-life, survival-life, and intermittent-life perform- 
ance. And they are monitored by 100% microscopic inspection of 
24 or more categories of workmanship. 

RCA “Premium” Tubes are available at RCA Industrial Tube 
Distributors everywhere. 


RADIO CORPORATION OF AMERICA 


Electron Tube Division Harrison, N. J. 


For free booklet (RIT-104-A) giving technical data on RCA *‘Premium™ Tubes and 
other RCA Receiving-Type tubes suitable for exacting laboratory application, 
write RCA Commercial Engineering, Section 1-31-U, Harrison, N. J. 
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NOW a 
MUST 


for 
MISSILE 
DEVELOPMENT 


* 


NUCLEAR 
RESEARCH 
PROGRAMS | HI-VOLUME 


: AIR SAMPLER 
Wherever accurately samples the air for 


Quick radioactive material, particulate matter, etc. 


Accurate ‘ ; : 
Identification Hundreds used in Atomic Energy tests, and by Industries 
employing, developing and manufacturing nuclear 
of products . . . Literally “inhales’” an entire area with 
Airborne unparalleled speed and accuracy . . . Particles as small 
Particulate as 1/100th a micron in diameter have been accurately 
Matter sampled by this unit . . . Portable . . . Designed for 
is Vital indoor and outdoor use . . . Indispensable for series or 


unit tests. 24V, 110V, &@ 
THE=Sfaplex co. 


220 V models available. 
fo bulleti 
WRITE- pontoon — AIR SAMPLER DIVISION 
m 783—5th Ave., Brooklyn 32, N.Y. 




















STABILITY... 


with ” High Voltage - 
High Resolution 


DC POWER SUPPLIES 
Model 405 shown 
SE 8 


600 to 3100 VDC 500 to 2000 VDC =| «= 5500 to 1600 VDC 
OuTPuT 5 ma to 1500 V 


Oto 15 moa 2 ma to 2 KV Oto 1 ma 


01% line 01% line 03% line 





REGULATION | 
.01% load 03% load 03°% load 


STABILITY 005% per hour 005% per hou 02% per hour 
RESOLUTION | 10 my ot any output 100 my at any output | 100 my at any output 


CALIBRATION 
ACCURACY | 


PRICE | 
F.0.B. Seattle | 











Better than 5% Better than 1% Better than 2% 


a 


$595.00 $435.00 $220.00 


—— —_—o — EE 











For full details and specifications on these and other models to 
meet your particular needs, contact our representative or write to: 


JOHN FLUKE MANUFACTURING CO., INC. 
1111 W. NICKERSON ST., SEATTLE 99, WASH. 


B. Ser a J. Hart (1 ey-USA 
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in a range of sizes from .040 
to .500”. Insulating and sheat! 
ing materials to meet your spe 
cifications. Bright annealed 
fully flexible. 
All thermocouple wire used in 
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J ELECTRIC, INC. 
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HOKE stainless 
steel cylinders 


Use Hoke’s pressure containers for fixed or lique- 
fied gas sampling applications. Transport samples 
in complete safety, without contamination. For 
low or high pressure service up to 1800 psi; 
equipped with valves and safety devices. Stock 
sizes from 10 milliliters to one galion... special 
cylinders on order. Fully tested. ICC APPROVED. 


WITH VALVES TO marcu] 


Write for Bulletin SC455. 


HOKE INCORPORATED 
FLUID CONTROL SPECIALISTS 


235 S. Dean St., Englewood, N. J 





The TIME is NOW...the PLACE is... 
the 1958-1959 
NUCLEONICS BUYERS’ GUIDE 


The Only Complete Sourcebook 
of America’s expanding and dynamic 
nuclear industry... 
basic in your 
advertising sales program 


Copy to set..... October 1 
Complete Piates . . October 8 


NUCLEONICS BUYERS’ GUIDE 


A McGraw-Hill Publication 
@® 330 West 42nd St., New York 36, N.Y. 





NOW OUT— \ Late NEWS 


Condon and Odishaw’s The entire Roundup section in this issue 


is devoled to the Geneva Conference. Other 
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of ald tou nai 
PA U. S.-Euratom reactor program, 
PHYSICS imperiled to the last by the unrelated 
but ‘"] ‘ » over funds for the 
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concise answers to mmittee on Atomic estas 
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lems in the field of 
physics—for a_ bet- 
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basic concepts, mathe- The Congressional sanction, though 
matical formulations, 


os tas, Sette ae 1odifving the program, signalled the AIR MAIL seRvict 


gaining a knowledge of un- . art I S.-Euratom talks this 
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concentrates on principles, : : 7) yn administration of the pro- 
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methods of their exposition P r a 
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ear program, forced the Adminis- jox 688, Burbank, ‘Californie 
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GAMMA 
SHIELDING 
MATERIALS 


BARITE 
Crushed—to specification 
Ground—95% minus 325 mesh 


LEAD 
Powder-fineness ranges 
40%-50% minus 325 mesh 


IRON 
Shot and Grit 
Graded to specification 


Inquiries for Metal Powders 
of all types solicited 
METALS 
DISINTEGRATING 
COMPANY, INC. 


DEPT. M. 
ELIZABETH B, NEW JERSEY 


World's largest manufacturer 








of finely divided metals 
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SINTILON BRAND 
SODIUM IODIDE 
(TL) CRYSTALS 


The new, improved National Radiac Sodium 
lodide Crystals are the result of recent extensive 
research. They have achieved a new high in 
uniform thallium activation and optical darity. 
For Optimum Resolution We Recom- 
mend OUR DIRECT Canning Technique 
of Crystal to Photomultiplier. 
National Radiac also can supply a complete line 
of organic crystals: Alpha, Beta and Neutron 
Detectors; as well as all sizes of Plastic Phosphor. 


COMPLETE INFORMATION AND 
PRICES ON REQUEST 


© Vdlionat é Dia 


475 Washington St., Newark 2, New Jerse 


15 Moore Street, New York 4 
Address MINTHORNE 


Export Dept 
Cable 


Vol. 16, No. 9 - September, 1958 


1963 Capping sev- 
eral months of negotiations, AK‘ 
JCAE agreed on a f $16.12/ gm 


for weapons Pu purchased f1 


expires June 30 
and 
eiling « 
m lomes- 
tic reactor operators thre igh June 30 
1968; the fuel-grade price would 
at $12/gm ceiling and both 
would be offered to for 


remain 

prices 
reactor op- 
erators under contracts up to ten vears. 
Legislative action embodying the new 
policy was postponed 1959 be- 
cause agreement on it ime too late in 


the 1958S session. 


Light Dept. is 
a 50-Mw Y 


P The Burlington (Vt. 
considering constructior 
power reactor, will make a final decision 
“in a few weeks If the decision is 
“ves” Westinghouse will handle devel- 
with 
Kansas City, 
am A 


de- 


opment, design and manufacture 
J. F. Pritchard and ¢ 
Mo., as architect-engineer. Willi 
Stebbins, superintendent, said the 
tudies to 


partment was not lin 
light-water reactors 


The Tennessee Valley Authority's 
technical staff, NUCLE: arned, is 
conducting an investigative study of 
two gas-cooled reactor concepts: 1. the 
GCR-2 which TVA helped Oak Ridge 
National Laboratory to design earlier 
this year (NU, July ‘58 - and 2. 
the pebble-bed reactor (NU, July ’58, 
rson & Por- 
to approac h 
steam 1000° «=6F. 
and appeal to TVA as those 
ynon promise A 


pre totype 
‘ 


Nics le 


' 
iis 


24) under design by Sande 
ter. Both types promis 

modern conditions 
and up 

with the 
staff 
construction of either c¢ ) 
to the TVA board of directors “in 2-3 
months.” 


most ec 
recommendation 


meept will ge 


The atomic energy industry lost one 
of its respected when 
Gordon Dean was killed in an airplane 

Aug. 16. Dean, 
AEC, was named 
early in 1949 and 
served as its head July 11, 1950—July 1, 
1953. He then Dy- 
namics as senior vice president for nu- 


most leaders 
crash on Nantucket 
second chairman of 
to the Commission 
joined General 
clear energy, where he had much to do 
with planning for General Atomic divi- 
sion’s $10-million Hopkins Laboratory 
of Pure and Applied Science in San 
with GD’s 
many nuclear activities. 


Diego, and coordinating 


P Ralph 4, Cordiner, chairman of Gen- 
eral Electric, has called off a proposed 
meeting of reactor manufacturers and 
utility firms at Woodside, Calif., Sept. 
27-28, to discuss the nation’s atomic 


energy policy (NU, July °58, 22). In- 


for work ina 
controlled 
atmosphere 


BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 


pasnecmnnse FUME HOOD 


Originally designed and developed 
for the AEC, this Fume Hood as- 
sures maximum safety in the han- 
dling of radioactive materials and 
radioactive isotopes. Sturdy 14- 
gauge stainless steel, round corner 
construction provides long life 

. easy cleaning and decontam- 
ination. Send for Technical Bul- 
letin E-3. S. Blickman, Inc., 7909 
Gregory Avenue, Weehawken, N_J. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol of quality PLaury 


Built 
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ELIMINATE 
CLOTHING- 
DECONTAMINATION 
PROBLEMS 


A health physicist had 
many woes, decontaminating 
employees’ clothes. 


Now he’s really up 
to date, his troubles 
were ended by Interstate. 


The Atomic Energy Com- 
mission has licensed Inter- 
state Industrial Uniform 
Rental Service to supply and 
decontaminate _ protective 
clothing for companies in 
the nuclear field throughout 
the United States. 

Interstate’s rental pro- 
gram includes the garments 
of your choice—coveralls, 
lab coats, or shirts and 
pants—maintenance and de- 
contamination, all at a cost 
comparable to or less than 
your present costs. 


For additional information 
write to: 


INTERSTATE UNIFORM 
RENTAL SERVICE 


295 PARKER STREET 
SPRINGFIELD, MASSACHUSETTS 








Late NEWS 


irticie starts on page 


tomic energy will be added to 
la of a GE-sponsored utility 
meeting earlier that week at 
GE spokesmen denied that 

for a special nuclear gathering 
dropped because of insuffi- 
nterest but no other reason was 
) reactor manufacturer other 

ill attend the utility meeting. 


> The United Kingdom Atomic Energy 

Authority has 

reement with Power Reactor Devel- 

nt Co., Detroit, 

of information on fast reactor 
nt (effective Oct. 1). 


voncluded a five-year 


agreement 


for the ex- 


Government and industry interests 
in Israel have joined forces to establish 
Isratom 


direct 


2 nuclear engineering firm, to 
Israeli nuclear projects, in- 
r reactors for stationary 
and marine use Delek, the 

ned fuel company, will control 
75 per ce of the 


cluding powée 
govern- 
ment- 


stock. 


P Argonne Lower Power Reactor 
ALPR) went critical at 10:30 pm 
August 11, at the National Reactor 
Testing Station, Idaho. A prototype 

r stations for remote site oper- 

ALPR will be run up to full 
power—3,000 Mw/(th)—only after pre- 


liminar tests 


® AEC has raised the limitation on the 
amount of plutonium it will ship to any 
from 10 gm to 260 gm. 
The increase will 


of subcritical assemblies using 


given countr) 
permit wider con- 
structior 
Pu as a 


assemi 


neutron source (80 gm per 


BAEC has launched a broad, first- 
phase effort in its new isotope develop- 
without 
Congress to appropriate $5-million re- 
AEC to support the pro- 
June 30, 1959 (the House 
on from the request—NU 
58, 17—but AEC expected at 


least partia 


ment program waiting for 


restoration in the Senate). 
AEC 
request include: 1. the 


Steps taken while awaits final 
action on the 
award of seven study contracts on the 
existing isotope 
2. the award of four con- 


high level radiation field; 


potential of new or 
applications 
tracts in the 
3. deve 
training 
with the 


a special isotope 
a study contract 
Industrial Confer- 


lopment of 
‘ourse; 4, 
National 


ZIRCONIA 
(ZrQo) 
ceramic ware 


COO 


Now available in standard tube, 
crucible and combustion boat shapes 
For temperatures to 4600°F. (2538°C). 
Possesses one of the highest melting points 

of all commercial refractories. 


Great chemical inertness. Won't erode 
when meiting steel or high temperature al- 
loys ...or react when firing titanates or 
sintering metais ...0or embrittle platinum, 


Leco zirconia ware... crucibles for 


melting special alloys, tubes for high- 
temperature combustion or gas synthe- 
sis, heat treating and sintering furnaces, 
and kiln furniture. We will be happy 
to quote ym custom ware. 


Leco also specializes in Zircon (ZrSiO«) Ware 
Write Today for TECHNICAL DATA CATALOG 


LABORATORY EQUIPMENT CORP. 
9009 Hilltop Road, St. Joseph, Michigan 


The following quality 
crystals are now available tor 
immediate delivery: 


SODIUM IODIDE 

(thallium activated) 
SODIUM CHLORIDE (optical) 
POTASSIUM BROMIDE (optical) 
ANTHRACENE 


NEW IMPROVED ECONOMICAL 
PLASTIC PHOSPHOR 


AN EFFICIENT RUGGEDIZED 
ALPHA DETECTOR 


(If 


CRYSTALS, INC. 
123 Woodland Avenue 
Westwood, New Jersey 


Dept. N-9 
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Model 1230: 5 sources, $150 


CALIBRATED GAMMA 
REFERENCE SOURCES 


Six reference sources (Cobalt-57, Barium-133, 
Cesium-137, Manganese-54, Sodium-22, Cobalt- 
60) providing both known gamma ray energies 
and intensities . . . ideal for qualitative and 
quantitative techniques. Useful with all types 
of gamma sensitive detectors . . . designed par- 
ti ularly for well-type scintillation detectors. 
Each source with an activity of less than 0.1 uc 
no AEC license required), yields about 50,000 
to 100,000 CPM above 20 KEV. Isotope perma- 
nently sealed within lucite holder. 


Technical bulletin with complete decay schemes 
eed specifications available on request. 


new england 


57S ALBANY STREET 


corp. 


BOSTON ‘ 





SALES REPS: Atomic Associates, inc., Packard 


Instrument Soles Corp., Radionics, Ltd., 
(Montrec!). 





Men on the Move 


Now available 
in a new edition... 
with new figures. 


This popular booklet points up the 
important sales problem of personnel 
turnover in industry. Out of every 
1,000 key men (over a 12-month pe- 
riod) 343 new faces appear ... 65 
change titles . .. 157 shift ... and 435 
stay put. These figures are based on 
average mailing address changes on a 
list of over a million paid subscribers 
to McGraw-Hill magazines. 


Write us for a free copy 
Company Promotion Department 


McGraw-Hill Publishing Co., Inc. 


330 West 42nd Street, 
New York 36, New York 
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ence Board on the economics of radio- 

preliminary this 
- and 5. a contract with Stan- 
mn the medical 


isotopes report d 
month 
ford Research Institute 
potential of isotopes 
The 
study contracts are 
Foundation, developm« 
tion of isotopic X-ray sources from the 
beta emitting 


region 5-200 


firMms awarded 
Armour Research 
nt and | roduc- 


seven isotope 


secondary radiation of 


isotopes in the KeV; 
Tracerlab, 
chemical analyzer for 
gases; General Atomic, a study 

Szilard-Chalmers process for the 


development of a radio- 
ynradioactive 
of the 

pro- 


duction of short-lived, high specific 
radioisotopes: Radiation Applications, 
study of the technology and app! 
of large fission product beta 
Battelle Memorial Institute, «i 
quality 


ition 
sources: 
ve lop- 
ment of radioactive tracer 
control systems; Nuclear-Chicago, ex- 
radiometri methods of 
ontrols; Nu- 


ploration of 
industrial processes and 
clear Science and Engineering, devel- 
opment of devices and techniques for 
industrial applications of rad 
Pending the outcom: 
ations fight, AEC | 
the second phase early 


isotopes. 
f its appropri- 
proceed to 
publi- 

cation of a program 
invitation to private indust © Did on 
ontracts looking 


a series oT ¢ velop- 


ment of further industrial applications 
Construction 


level irradiator is scheduled by 


a high 
AEC 


late this year or early next for process 


of radiation 


irradiation by both AEC and industry. 


> Congress has restored t! 
construction funds 
this country’s first 
gas-cooled reactor 

earlier refused to vote 

Aug. "58, 17). AE¢ 

proceed with a survey of 

est in sponsoring the reactor and to go 
industry 


ahead on its own if n pro- 


posal is made 


> The long-range reactor program in- 
formally approved early this summer 
by AEC and the Joint Committee on 
Atomic Energy (NU, Aug. ’58, 18) will 
be circulated to industry this month for 
Congressional 


comment, according to 


sources, 


P AEC's Advisory Committee on Reac- 
tor Safeguards found last month that 
GETR) 
‘‘may be operated without undue 
hazard to the public’; AEC then called 
a Sept. 17 hearing on issuance of an 
ACRS took the oc- 


General Electric's test reactor 


operator’s license. 


Low cost 
multi-channel 
PULSE-HEIGHT 
ANALYZER 


20 channels 
100 spectrum points 
$4840 
FEATURING: 
% Building Block Design 
can be expanded as desired 
% 10 to 50 channel capacity 
% 5 digit direct readout 
% Excellent stability & resolution 
% Window amplifier system yields 50 to 
250 spectrum points 
% Simplified operation—easy to maintain 


The Eldorado Model PA 400 brings 
multi-channel analysis within the 
budget range of even the smallest 
laboratory. Expandable from 10 to 
50 channels, the building block de- 
sign enables the user to purchase a 
basic instrument and add additional 
10-channel increments as needed 
The window amplifier circuit pro- 
vides for a continuously variable se- 
lection of any 20v segrhent of spec- 
trum under study. With this design 
up to 5 times the number of data 
points as there are available chan- 
nels can be obtained 

By adding an Eldorado Model 
TH 300 Time-to-Pulse Height Con- 
verter, the above system becomes a 
Time-of-Flight Spectrometer and a 
Milli-microsecond Time Interval 
measuring device. 


SPECIFICATIONS 

INPUT PULSE RANGE: 5 — 105v 

COUNT STORAGE: 105 counts per channe 

CHANNEL STABILITY: + 15 mv referred 
to the window amplifier input 

PRICE (f.0.b. factory 
10 channels 
30 channels — $6340 
50 channels — $9340 

Write for complete technical information 

Address department N-9. 


$3340 


eidorado 
electronics 


2821 Tenth Street 
Berkeley 10, California 





During the past 6 years, the proven performance of the EKCO Model 1079-C Vibrat- 
ing Reed Electrometer has made it preferred by actual users, both here and abroad. 


Low in cost, compact, rugged and easily serviced; its high, full-scale sensitivity and 
inherent stability makes the EKCO Mode! 1079-C ideal for all applications involvine 


small current and voltage measurements. 
STABILITY: = mv, day-to-day 
SENSITIVITY: 0.03 uuoa full-scale reading @ mox. 
RANGES: 0-30, 0-100, 0-300, 0-1000 mv. 
Wb sts Cases couse Internal, switch-controlled, 10°, 10”, 10” ohm resistors. 
Operctes with 1 ma or 100 mv recorder. 
Pret rt e 110/120 or 200/250 v, 40/60 cps, 40 w. 
WEIGHT: Only 29 Ibs., complete with cables. 


Write TODAY for data on EKCO’s complete line of nucleonic fest equipment 


AMERICAN TRADAIR CORP. 


34-01 30th Street, Long Island City 6, N. Y. * Dept. N9 
U. S. SALES & SERVICE for 
EKCO ELECTRONICS, LTD., Essex, pinata 




















GYRAOCFFERS you stability, accuracy, & pensitwity 


ELECTROMETER E-100 
STABILITY - Datet jaws THAN 2% 4] rex ON 
10~'! AND HIGHER RANG 
ACCURACY- Son on 10-11 ND HIGHER: RANGES. 
SENSITIVITY- 10-3 TO 10—!2 amps FULL SCALE IN 

TEN EASILY SWITCHED DECADE RANGES 


LINEAR AMPLIFIER LA-1I00 
STABILITY-LINE VOLIAGE CHANGE FROM 90 T0135 
S OUTPUT LESS THAN 1%. 
ACCURACY LINEARITY LA7% FROM. 9 10 900 OUTPUT. 
SENSITIVITY-USABLE SIGNAL O | MILLIVOLT. 
GAIN-50TO 1600 IN SIX EASILY SWITCHED POSITIONS. 
PREAMPLIFIER PLA-100 AVAILABLE AT EXTRA’ COST 


Lowest cost IN ITS: PERFORMANCE CLASS. ONLY 5.” HIGH CHASSIS MADE 



































ACCURATE 
RAPID 
ECONOMICAL 


48 DOMESTIC & WORLDWIDE 


won Film Badge Service 


For BETA, GAMMA, X-RAYS; NEUTRONS (1 week) 


Clip-on, wrist 
or ring style 


We don't keep you waiting! You're entitled to—and you get—speedy ‘‘local’’ service no 
matter where you are located: U.S., North America, overseas. Just airmail your feather-weight 
exposed films to us. Accurate exposure ‘eports are airmailed bock within 48 hours after film 
is received. U.S. users who airmail film to us receive reports within 4 to 5 days; foreign 
clients, within 1 week. Ten-to-one, that's better service than you are now getting. 

tn film badge service, reliability counts, too 
over ao wide range of energies ond exposures 

Ask for Bulletin 20. 
Instruments for 

Research, Medicine 
Education, Industry, 
Prospecting 
Catalog on request 


Our 5-filter system assures highest occurocy 
Records are permanent and legal. 


Let us quote on your particular needs. Our low prices will surprise you. 


NUCLEONIC Corp. of America 


196 Degraw St. Brooklyn 31 N.Y. 








Late NEWS 


s artic 


casion to stress the need for per 


test-reacto! 


mitting 
perators—with their un- 
certain operating plans—more freedom 

der licensing arrangements 


tor ope rators 


President Eisenhower last month 
vetoed the bill authorizing a 
powered ice-breaker for the 
Guard for a reason which has become 
a prime igaboo for the U. S. atomic 
energy program: the mounting 

budget deficit py 


igetary problems throus 


continued disre- 
gard of our | } 
the institution of unneeded 

grams al ects can only 
flationar 
of all 
message icebreaker joins ; 
ing num AEC- and Congr 
ally-spo1 

clared 

House, including a plutonium-] 
tion reactor, a nuclear tanker 
long list of research 


projec ts. 


lear Develop- 


P AEC has awarded Nur 
ment Corp. of America a second con- 
tract under the preliminary design and 
deve lopmet phase of NDA’s joint 
project with Chugach Electric Svstem 
to build a sodium-cooled, D.O-moder- 
ated reactor near Anchorage, Alaska 
The contract adds $2.3-million to the 
$1.7-million already awarded NDA for 
preliminary work; among other things 
it will support modification of reactor 
design to permit construction of a pilot 
plant. 


P AEC’s distribution policy for heavy 
water was liberalized last month to 
give the domestic and foreign operators 
of research, medical and test reactors a 
choice of lease or sale. Lease price is 
4% per annum of the sales price ($28/lb 
at present Quantities available for 
m 2,000/lb minimum to 


the initial inventory requirement of a 


lease range fro 
given rena 


The second in a series of test shots 
under Project Plowshare—the peace- 
ful application of underground nuclear 
lanned by AEC next 
summer in a salt bed 25 mi southeast of 
Carlsbad, N. M. 
10 kilotons, compared with the 1.7-kilo- 
ton yield of Rainier, first underground 
shot (NU, Apr. ’58, 21 
function of the test will be to pro- 
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explosions—is 


Bomb y ield would be 


Principal 








Where to Buy 








URINALYSIS SERVICE 


NSEC laboratories are staffed and equipped to 
perform routine and emergency urinalysis for: 
* Tetal uranium * Polonium 
* Enriched uranium ° Fission products 
* Plutonium * Gross activities 
* Other radieactive isotopes 


Nuclear Seionce and Enguneoning Comp. 


P.O. Box 10901, Pittsburgh 36, Penne. 








Hi-Density Shielding Aggregates 
ILMENITE-MAGNETITE-BARITE 


ENSIO, WHITON & ASSOCIATES 


209 Dove.port Rd. 
Torente 5, Canode 





75 Main St 


White Plains, N. Y 








SCANDIUM OXIDE 
5 pound quantities in 
90% min. and 99.9% min. 

y rare earths also available. 
fr Prices today 


HEAVY MINERALS CO. 
4000 N. Hawthorne St 
attanooga, Tennessee 


m gram to 














THE MOST EXPERIENCED 


FILM BADGE SERVICE 
ST. JOHN X-RAY LABORATORY 
CALIFON, NEW JERSEY 
Estoblished 1925 








Larger Sizes Now Available 
a D® LEAD GLASS WINDOWS 
ise in steel, lead, and concrete wails. 
Send for Circular GS-4 


PENBERTHY INSTRUMENT CO. 
4301 6th AVE. SOUTH * SEATTLE 8, WASH. 











SEARCHLIGHT 
SECTION 


UNDISPLAYED RATE 
Minimum 3 lines. 
DISPLAYED RATE 
$16.85 per inch 


a line 


ADVERTISING 
olumns—30 


INCH: }” on one col- 
inches—to a page. 


imn J 








RESISTORS & CAPACITORS 


Any Types—Any Quantities 
Fully Guaranteed 


AMA Sha 
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vide data on production of radioisotopes 
and seismic effects; AEC is considering 
further tests (including one in Alaska 
in 1960—NU, July ’58, 27) to prove out 
bomb explosions for mining, excava- 


tions, oil shale production and other 


uses. 


BAEC has established a 
Office of Hearing 
W. Jensch is the 
the Commission's regulatory hearings. 
The office will be directly, 


to the commissioners 


one-man 
Samuel 


conduct 


Examiner 


man—to 


responsible 


The $500-million federal indemnity 
protection otf the Price-Anderson bill 
to the NS Savannah, 


now under construction. C 


has been extended 
yngress has 
also agreed to indemnif) 
ated by 
provided they make their 
$250,000. 


eactors oper- 
nonprofit edu institu- 
tions, own 


provision for coverage up to 


PA group of seven public power com- 
SKW 
plans construction of a 100-150 Mw(e 


panies in northwest Germany 
nuclear power plant in Lower Saxony 
for completion in 1964. SKW is re- 
portedly talking with both U. K. and 
U. S. 


Germany 


firms. A group in southwest 
AKS 
shifting its 


stuttgart is re- 
ported nterest from a 
Calder-Hall type to an « 


ated reactor of U. S. design 


rganic-moder- 
A deci- 
sion to order a 100 Mw/(e) plant may 


be made this year 


passed 
Ve rutilus 
lines for 


nuclear submarines 


P Four 
milestones last month while 

and Skate were garnering head! 
their epic polar trips. Seadragon was 
Portsmouth Navy Yard 
Boat Aug. 
Coast-built 
Aug. 3 to begin her 


launched at 
Aug. 16, Triton at Electri 
19. Sargo, first West 
A-sub, 
builder’s trials, Sword followed on 


went to sea 


her maiden voyage Aug. 9. The last 
two, sisters of Skate : pected to be 
over to the 


turned about a 


month to become the and fifth 
nuclear subs in commission 
P Frank Pittman, AEC’s industrial de- 
velopment chief, has taken on the act- 
ing directorship, division of reactor 
development. AEC 


Kenneth 


hunting a 


Davis (NU, 


is still 
successor to W. 
July ’58, 21). 


PAEC’s Materials Testing Reactor, 
Arco, went critical on its plutonium fuel 
core (NU, Aug. ’58, 24 
reached a power level of 
later in the month, and was expe: 
reach 30,000 Kw by Aug. 31 


early in August 
5.000 Kwith 
ted to 


—BOOKS- 








for your professional library 


PROCESS INSTRUMENTS AND 
CONTROLS HANDBOOK 


Thorough treatment of operating and de- 
sign fundamentals of measurement and 
automatic control systems used in process 
fields. Covers indicators and recorders 
controllers, control elements, mathematical 
techniques, etc. Prepared by a Staff of 
Specialists. Edited by Douglas M. Con- 
— Hughes Aircraft Co. 1286 pp., illus., 
19.50 


ENGLISH-RUSSIAN 
RUSSIAN-ENGLISH 


ELECTRONICS DICTIONARY 
JUST PUBLISHED! 
tionary translates about 

terms into Englis 25.000 
into Russian Covers 
munications, electron 
quency techniques 

rada: telegraphy semiconductors etc 


By the Dept. of the Army. 944 pp., $8.00 
APPLIED MATHEMATICS 
FOR ENGINEERS 


AND PHYSICISTS 

2nd Edition Just Published—Prov " 
with the principal mathematica! techniques 
needed to analyze mathematical problems 
that arise in practice and to understand 
important current technical om s. Car 
fully revised to include essentia p-to- 
date material. 2nd Ed. By L. A en. I 
of California, L. A. 723 pp., illus., $8.7 


TABLE FOR THE SOLUTION 


OF CUBIC EQUATIONS 
Just Published—Super- 


sedes all other such 
number of a 


tables in 

decimal places, range, 
interval, required labor 
in finding all three 
convenience 
With this book 
obtain all three 
roots of any equation 
using nothing more 
complicated than a desk 
calculator By 

Salzer and C. H. 
Richards, Convair As- 
tronautics; nd I. 
Arsham, biemend Ord- 
nance Fuze  Labora- 
tories. 176 PP., $7.30 


Comprehensive dic- 
22.000 Russian 
English terms 
antennas com- 
devices gh-fre- 
automat control 





roots, and 
in us 
you can 








i McGraw-Hill Book Co., 





HOW TO BECOME A 
PROFESSIONAL ENGINEER 


Shows how to get your profe 

gineer’s license more eas 

apply, how to take oral and 

exams, how to write experience 

etc. Explains state laws 

mers evaluate experience, cxamination 
room procedure, and other practical 
aids. Applicable in all states. By John 
D. Constance. 262 pp., $5.50 


Dept. NU-9 

327 W. 4ist St., N.Y.C. 36 

Send me book(s) checked below for 10 days 
examination on approval. In 10 days I will 
remit for book(s) I keep, plus few cents 
for delivery costs, and return unwanted 
book (s postpaid We pay delivery costs 
if you remit with this coupon—same return 
privilege 

e Conten & Odishaw—Hdbk. of 
English-Russian  Elex 


& Phy. 


Physics, 
Army 

-Applied Math. 

= pdee et al 


|) Constance 
(PRINT) 
Name 
Address 

City Zone 

Company 

Position 

For price and terms outside U. S | 
write McGraw-Hill Int'l. N.Y.¢ NU-9 


aii Gann aine Gaa>enineniaie-deireinrellll 
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for Eng 


Cubic Equations, $7.5 
Professional Engineer, $ 





EMPLOYMENT OPPORTUNITIES 


FLUTTER & VIBRATION ALLIS-CHALMERS 


INVITES INQUIRIES 


ANALYST for Challenging 


Senior Position With General Electric ‘s ° 
Position in 
Several years experience in vibration analysis of turbo 
machinery assemblies — plus a strong background in funda- 
mental concepts and applications in this field — are essential 
for this advanced assignment. M.S. desirable. 
The work concerns the development of nuclear power 
systems for aircraft at General Electric. It deals specifically 
with high-temperature reactor core components. 
Engineers who have contributed to the pioneering effort 
to achieve nuclear powered flight will find themselves in the 


forefront of their profession. 
Is Nuclear Experience Necessary? No. In-plant courses 


and graduate study —on full tuition refund basis — provide 
essential nuclear theory and technology. 


Publication of technical papers is encouraged & e » 
Location: Cincinnati, Ohio, known both as an engineering iVvis 4 C ni 
center and a fine place to live. Excellent housing available. 
Please write in confidence stating salary requirements to: 


Mr. P. W. Christos 
AIRCRAFT NUCLEAR PROPULSION DEPT. 44-MU. * Reactor physicists with ex- 


GENERAL €@ ELECTRIC ne 


, = ae ; * Experimental physicists fa- 
Div. 44-Mu, P. O. Box 132 Cincinnati 15, Ohio 


miliar with critical experi- 
ments and facilities 








PLUTONIUM METALLURGIST WAKES * Reactor engineers for: 


yung man with extensive film badge labora- 


and tory experience for N Y area 
CHEMIST P-8735 Nucleonics 


Ud . 520 N. Michigan Ave., Chicago 11, Ill. 
Opportunity for experienced person heat transfer 
. . - <2 - 
with U. S. engineering design and Reactor mechenice! design 
consulting firm. Work involves 
foreign assignment on supervisory SALES ENGINEER ; 
level. Send resume to: Excellent opportunity exists for man who knows * Chemical, mechanical and 
, nuclear instrumentation and would like to work . . : 
with a small but rapidly expanding company. electrical engineers with 
P-8301, NUCLEONICS xcellent compensation for the experienced man 
who is free to travel ex erience in ower ant 
520 N. Michigan Ave. Apply P z P P 
Chicago 11, Ill. TECHNICAL MEASUREMENT CORPORATION cycle analysis and com- 
140 State Street, New Haven, Connecticut . . 
ponent specification 


Reactor control 
Reactor and system dynamics 


Fuel element engineering and 




















CHIEF ENGINEER ; 
$15,000-18,000 plus CHEMIST WANTED * Instrumentation engineers 


Major manufacturer in the industrial control Chemist with experience in synthesis tagged 
limited, a terrific opportunity. Our client assumes 
all expenses. ° . 

P-8741 Nucleonics Contact 


MONARCH PERSONNEL " 
Mr. M. C. Rohm 


28 E. Jackson Bivd., Chicago 4, Illinois 520 N. Michigan Ave., Chicago 11, 

ENGINEERS 
If you have been looking for an Employment WANTED Employment Section 
Agency that is skilled in the STATE OF THE aphid 
ART of Technical Recruitment and RELIA- 2 recent graduates in Health Physics or person Allis-Chalmers Mfg. Co. 
BILITY OF INFORMATION concerning posi- with equivalent experience for sales and cus- 3 ; : 
tions, why not communicate with us at once! tomer relations work, Will involve travel and Milwaukee 1, Wisconsin 


ALL POSITIONS FEE PAID. possible relocation 
FIDELITY PERSONNEL SERVICE P-8734 Nucleonics 


1210 Chestnut St. Mite. 7, Pa 520 N. Michigan Ave., Chicago 11, Ill. 


Specialists in Aviation, Electronics and Nucleonics 
See | EEE Pew aa 
158 September, 1958 - NUCLEONICS 


sume for personal interview 
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Creativity—the continuing progress 
civilization and culture is the result of 
creativity. Science, from the study of 

the subatomic world to the cosmos, thrives 
on creativity. The proper environment, 
availability of equipment, stimulation of 
other scientists, the challenge to think and 
the opportunity for interesting problems— 


these nurture the creative process. 


3 
2 
2 
= 
- 
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NATIONAL LABORATORY 
ical Operated by the University of Chicago under 
contract with the United States Atomic Energy Commission 


PROFESSIONAL PERSONNEL OFFICE 
P.O. BOX 299-D3 - LEMONT, ILLINOIS 


Staff positions available for qualified: 
Chemists, Physical Metallurgists, 

Chemical Engineers, Mechanical Engineers, 
Physicists, Metallurgical Engineers, 
Electrical Engineers, Technical Writers 





EMPLOYMENT OPPORTUNITIES 


ENGINEERS 
and 
PHYSICISTS 


GRUMMAN AIRCRAFT is rapidly expanding its research and development capabilities to participate 
in the advancement of Nuclear Engineering, Nuclear Physics, and Magnetohydrodynamics. Respon- 
sible positions are now available requiring initiative and imagination to carry out individual studies 
and participate in group efforts on studies of nuclear propulsion system conceptual design, nuclearly 
propelled vehicle preliminary design, space vehicle power, and plasma research. 


Senior Nuclear Physicist 


M.S. or Ph.D. degree with a minimum of five years’ experience, preferably including reactor physics, 
to supervise theoretical and experimental research in nuclear physics, including activation, radia- 
tion effects, shielding, and cosmic ray effects on extra-atmospheric vehicles 


Reactor Physicist 


Minimum of three years’ experience in reactor core physics and analysis, including programing 
methods for machine computers, to be responsible for the physics portion of studies of nuclear 
propulsion systems. 


Reactor Shielding Engineer or Physicist 


Minimum of three years’ experience in radiation attenuation and reactor shield design, preferably 
aircraft type. Duties include shielding optimization studies, conceptual shield design for aircraft, 
and research in shielding methods and materials. Experience with digital computing methods 
desired. 


ADVANCED STUDY 


Guidance and Communications Systems Engineer 


MS in EE or BS with equivalent experience. Minimum of 5 years’ experience in over-all system 
conception, analysis and evaluation. System studies will involve work in guidance, reconnaissance 
ECM and communications. These systems will be vital to the operation and use of nuclear or 
conventionally propelled vehicles of all types, including those for land, water, air and space travel. 


Propulsion Engineer 


MS or BS with a minimum of 5 years’ experience in over-all mobile power plant design plus analyt- 
ical experience in over-all mobile power plant design plus analytical experience in thermodynamics, 
heat transfer, fluid flow and power cycles. Some education or experience in nuclear systems is 
desirable. Duties will involve the conception, analysis and evaluation of advanced propulsion 
systems to power all types of vehicles in different mediums 


U. S. Citizenship required. We pay moving expenses. 
For immediate interview, send your resume to MR. A. WILDER, Engineering Personnel Director 


GRUMMAN AIRCRAFT ENGINEERING CORPORATION 
Bethpage * Long Island * New York 





NUCLEAR POWER 
ENGINEERS 


Positions available in Nuclear Power 
Plant Shield design, hazards evaluation 
and waste disposal systems design with 
architect-engineering firm. Previous ex- 
perience required, Permanent position. 
Excellent opportunity for contact with 
broad field of Nuclear Power Plant 
design. Salary dependent upon quali- 
fications. 


PIONEER SERVICE & ENGINEERING CO. 


231 South La Salle Street 
Chicago 4, Illinois 








Health Physics 
positions open 


In the U. S. Atomic Energy Commission’s 
regulator program, Germantown, Maryland 
covering i radiation protection problems 
im the regulation of peacetime uses of atomic 
energy 

Require Ma rs degree 
physical Ice engineering with one year’s 

| training in health physics or equivalent 
practical experience in a health physics pro- 
gram Salary—$5,985.00 thru $11,090.00. de- 
pending on experience. Apply to 
Miss Sarah Turlington Personnel Office 
Division of Organization and Personne 
United States Atomic Energy Commission, 
Washington 25, D. ¢ 


equivaient in 











Selling Opportunity Wanted 


Manufacturers Agents covering West, want lines 
Nuclear Instruments, radio active chemicals. Send 
all details first communication. Our office your office 
on the cost. Calatomics, 1085 No. Oxford Ave 
Los Angeles 29, California 








| PROFESSIONAL 
SERVICES 











FRANKLIN ENGINEERING 
Physzcists, Engineer 
hcat Nnvestigations reports 
design a research 
cilities and special equipment 
Power distribut Control, High Voltage 
Emergency power, Nuclear shielding 
977 Commercial Street Palo Alto, California 
Phone Yorkshire 8-2613 








YOUR ORGANIZATION 


Is it complete? 
Are you expanding it? 
Moking Replacements? 


Naturally, you are anxious to secure 
the most suitable man or men avail- 
able. You want men with the special 
training that will make them an asset 
to your organization. You can contact 
such men through an advertisement in 
this Employment Opportunities Sec- 
tion of NUCLEONICS. 


Classified Advertising Division 


NUCLEONICS 
P.O. Box 12, New York 36, N. Y. 
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KAPL Metaliurgist Richard L 
Mehan taking a reading on a 
Zirconium alloy specimen be 
ing tested in a special strain 
fatigue apparatus. Conceived 
developed and built at KAPL. 
this new apparatus makes it 
possible to control and meas 
ure elastic and plastic strain 
| developed in reactor materials 
under test. Conventional equip- 
ment controls only stress and 
strain within the elastic region 


Sa. 
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al The Knolls Atomic Power Laboratory 


iT OPPORTUNITIES FOR PROFESSIONAL 
ement of more efficient nu- 

ts often hinges on knowledge 
materials will behave under 

alized conditions to which 





h information, KAPL Metal- 
ngineers constantly explore 

» metallurgical problems in 

i, often developing and using 

to get the answers they need. 

the Strain-Fatigue Apparatus 
SFA is providing KAPL En- 

1d Scientists with valuable data on 
posed conditions such as ther- 
d stresses and strains. Other 
estigation include determining 
"neutron bombardment and long- 
reactor materials. A milestone 
nology, SFA is the first appa- 
AEC installations to study re- 


Knolls Alomic Power L 


sistance to cyclical stresses imposed by large 
thermal gradients encountered in reactor 
operation. 

Pioneering is a continuous process at the 
Knolls Atomic Power Laboratory, carried on 
by engineers and scientists from many dis- 
ciplines. Two projects now under way include 
the twin Water-Pressurized Reactors for the 
Submarine Triton and a powerplant under 
development for the world’s first atomic 
destroyer. 

Professional opportunities exist today for 
Nuclear Engineers, Physical Scientists and 
Metallurgists who can contribute to the flow 
of creative achievement at KAPL. U:S. Citi- 
zenship required: advanced degree and/or 
related experience preferred. Inquiries re- 
garding current openings are invited. Please 
send your resume in confidence to Mr. A. J. 
Scipione, Dept. 44-MU 


OPERATED FOR A.E.C 


Schenectady, New York 


GENERAL @@ ELECTRIC 


Richard L. Mehan is one of 
several metallurgists work- 
ing on the development of 
new and more reliable re- 
actor materials at KAPL. 
Dick Mehan joined General 
Electric after graduation 
from MIT in 1950 and came 
to KAPL in 1953, following 
two years of army service. 
Heisalsostudyingadvanced 
metallurgy, evenings at 
Rensselaer Polytechnic 
Institute under G.E.’s ad- 
vanced degree program 














GONVENIENCE /10 Ft ae tt 


i «6 SCINTILLATION WELL COUNTER 
dil MODEL SWC-1 
This latest laboratory precision instrument offers you many features that are 
outstanding and unique 
2” lead shielding, sectionalized for CONVENIENCE in handling. Design 
combines maximum shielding with minimum weight and size. 
Automatic elevation of scintillation probe for CONVENIENCE in 
sample changing. 
Lead shielding plug for top of well. 
Extra tubular shielding plug for long sample holders. 
Built-in preamplifier. 
Large Nal well crystal, 2” x 2”, with 1” diam. well. 


MODEL SWC-1: Diam. 7”, overall height 1212”, wt. 95 Ibs.— 
complete with crystal, Type 6342 PM tube, preamplifier. $945 


Mm 


/ => “CUTIE PIE” 
iON CHAMBER SURVEY METER 


for 


Alpha, Beta, Gamma Radiation 


A light weight efficient survey 
meter for field and laboratory use. 


ENERGY SENSITIVITY: 40 kev for 
gamma and X-rays, 35 kev (approx.) 
for beta, 2-3 mev for alpha ¢ ACCU- 
RACY: = 10% of full scale ¢ BATTERY 
LIFE: Approx. 200 hrs. © WEIGHT: 
3 Ibs. 


Freedom from switching transients, “‘Wide-Vue"” meter and individual 

range calibration combine to afford CONVENIENCE, accurate readings 

and the utmost reliability. Designed and engineered to ORNL requirements. 
MODEL CP2: 25, 250 and 2,500 mr/hr full scale $325 
MODEL CP5: 50, 500 and 5,000 mr/hr full scale $325 
MODEL CP10: 100, 1,000 and 10,000 mr/hr full scale $325 


Write for / Complete Engineering Specifications 
SyuclLerRrR — 
Cable Address one -— ETRONICS 


; S 2925 N. BROAD ST., PHILADELPHIA 32, PA. e BALDWIN 6-2300 
Philadelphia 


Export Representatives: AD. AURIEMA, INC., New York 


Designers and Manufacturers of Laboratory Scalers ® Rate Meters © Scintillation 
Spectrometers and Detectors ® Radiation Survey Meters, Monitors and Alarms ¢ 
Signal Generators @ Electronic Test and Measuring Equipment ® lonization Chambers 
© Electronic Equipment for the Armed Forces 
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A COMPLETE RADIOACTIVITY ANALYSIS LABORATORY 


THE NEW BAIRD-ATOMIC BASIC RESEARCH LABORATORY 
for SCINTILLATION, PROPORTIONAL, and GEIGER counting 


A new, highly reliable analytical laboratory which offers complete counting facili- 
ties for most research and industrial radioisotope analyses. 


VERSATILE = Performs all types of gas and scintillation counting of alpha, 
beta, gamma, and x-rays with ease and precision. 


COMPLETE = Scaler, amplifier, timer, power supply, and detectors included. 
All component instruments are selected for complete compati- 
bility to deliver maximum performance. 


EXCELLENT REPRODUCIBILITY = In ai! three counting methods — pro- 
vides integral spectra with both proportional and scintillation 
counting. 


MODERN DESIGN = The famous B-A “chimney” construction — All re- 
ceptacles located on rear of instrument assembly — Instruments 
removable from front of cabinet. 


SEPARATE SYSTEMS = The B-A Basic Research Laboratory is available 
in individual counting systems when all types of counting sys- 
tems are not required. 

Scintillation Counting 
Proportional Counting 
Geiger Counting 


Complete facilities for all researchers is provided by adding the following acces- 
sories: B-A Count Rate Meter and geiger tube, Beta Sources, Gamma Sources, 
Carrying Case, and the Single Scale Logarithmic Gun type survey meter. 

For complete specifications on the Basic Research Laboratory and other Baird- 
Atomic systems, please request on your Company letterhead our new Atomic 
System; Catalog A-2. 


Baird -Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIOGE 38, MASS. 
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A photographic light pattern interpretation of graphite’s thermal shock properties. 


TIONAL NUCLEAR GRAPHITE 


TRADE MAF 


ational”’ graphite is an excellent matrix mate- 
rial for dispersion type fuel elements because of 


1ock in an area where 


€ 
» thermal sl 


its resistance t 

of temperature occur, its ability 
to gain stren temperature increases and its 
low neutron absorption cross-section. 

There are two methods of producing a uniform 
dispersion of uranium in graphite. One is impreg- 
nation of pre-fabricated graphite shapes with a 
suitable uranium bearing compound, followed by 
precipitation of the uranium as the oxide or con- 
version to the carbide form by subsequent heat- 


Tbe term National” and “Union Carbide’ are registered trade-marks of Union Carbide Corporation 


ind Thermal Columns 


‘ature. The other is an addition 
ypound to a mixture of carbon- 
a suitable binder, forming 
1 shay to carbonize the 
binder. High uranium loadings are achieved by 
these methods. 
National Carbon Company has undertaken an 
h and development program to 
ate uranium and thorium bearing com- 
posites with graphite. Whatever your needs...see 
National Carbon, the nation’s most experienced 
graphite producer. 
UNION 
bed Ni i=ile] = 


NATIONAL CARBON COMPANY ~ Division of Union Carbide Corporation - 30 East 42nd Street, New York 17, N.Y. 


Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada; Union Carbide Canada Limited, Toronto 





